Etude du codage distribué pour de nouveaux concepts en compression vidéo by Lajnef, Khaled
HAL Id: tel-01132213
https://hal.inria.fr/tel-01132213
Submitted on 16 Mar 2015
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Etude du codage distribué pour de nouveaux concepts
en compression vidéo
Khaled Lajnef
To cite this version:
Khaled Lajnef. Etude du codage distribué pour de nouveaux concepts en compression vidéo. Traite-















\ CDF  
   C
"FG`;^
"LF  `,6N  
  #  
iD  #6F 






ª  #6«¬ 
u
­¯®¢°(±`²r±³°/´Dµ\±*¶·Y²¸±`²º¹Nµ`°»N´D²¹¼±U½¾¹®¿»½ÁÀ*°UÂ²¹











  « ÐÑUÒmÓÕÔJÒ ÖA 6FD
"!¢#
×¼Î   u




×¼Î ál  #66F  












; ?>D  !  F,ál ¡A@  5B l«
	£  !  
"u
"!¢#DCFEm





ª#6  £  FGUD
ª#6«¬ 








  #6F  C

"# N#¬"u
 7,  #FG








",#CD# ; 6#6F  CDGF¬"
"u
"!# ¡ «D6F#6FG!
 é ãmÔJê¢êÞë³Ñ^ä B  FG







   !  ED
l	C  <
"#Aè\× ¡ D
Y   £oFG   
"CDFGGGF




"#`  £oFGY	FG6F Gou










ª¤QÔJÑÚÜ:ÛUÒ B ¡ «
"  «
"CD
(>D  !  
³"    &  B  CDY!  FD
 B  
   !
"FG*
"#*!u
 G    6FG#6F  C
³
"!i#  !#  Cm






  «¼ÐÑUÒmÓÕÔJÒ B ÖADC
 
"CD 3   N4D
 ,
"!D!
  B  CDF(u
(C  FG#3 «!D!
"CD
D







   u
 6« ¦lØ(ÒmÙ^Ô ÛÚÜ B ÖADC
 
"CDi3   








"# F  «







Ö  6F<C B   £oFG,EDF
"! £oCDGC   
  #













"!#LáY  #66F  




   3   




 W"  LCD!DF Á #6F! D




#6  £  FG3Î
Ïo
 #6F






   G¬ GC
  D
u3  CDF  
 è\× ¡ "¯3,6N  £o
  CDF#"  Fm
"C¯
    FFG7D







   LFL
"#   C  LFGG
  CD 
"CDuCD#6F





   !D! 

























ª3 FG!'C6  #6F! ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ ÊÊ
ÊÎGÊÎGÊ :³C  !#6FG# FG!'C6  #6F!wÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ ÊÁË
ÊÎGÊÎ Ë è\!¢#6  F
ºÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ ÊÁË




  «D!DF  C
D





    
 6F! ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ ÊÁ
ÊÎ Ë	ÎGÊ ¡   
  6F!S  !  
"6#
 ÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ Ê"
ÊÎ Ë	ÎGÊÎGÊ ¡   Go
<;³C=:  ! ÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ ÊKL
ÊÎ Ë	ÎGÊÎ Ë ¡   Go
  6FG#6«Du"#6F  C
ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ ÊKL
ÊÎ Ë	Î Ë ¡   




ÊÎ Ë	Î Ë	ÎGÊ :³C  !¢#6F $ Á #6F!  Á   FG
 ÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ ÊÕ








ÊÎ Ë	Î Ë	Î   "EDFG#< 	F#6F! ÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ Ë
ÊÎ  ^
  «D!DF  C
D
    Go
D
 Á !  ÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ Ë	L
ÊÎ 	ÎGÊ ¡ ; FG#ÉD
 Á !  AÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ Ë	L
ÊÎ 	Î Ë E^
   ND
 #6CD6EQºÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ ËÌ
ÊÎ 	Î  E^
   ND
 ?EmÖ ¡ ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ Ëo
ÊÎ  l« ¬"u
D

  F  !	?>  C ÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ ËA@








  ÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ 






Ë	ÎGÊ  !#6	C  #6F!ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ o
Ë	Î Ë ¡   Go
D

  F  !	?>  C`D
D
"C	Í CD  
 7EDFG!  FG
  ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ o




   £o
  D
   ND
  ¡ EAS ÎÎªÎÎªÎÎªÎÎ o
Ë	Î Ë	ÎGÊÎGÊ ^
  «D!DF  C
D
,mÏ  ED6FÚ
"#7,§   ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ o
Ë	Î Ë	ÎGÊÎ Ë m  £  C	Í D
TC«  u
"#7è=: ÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ Ê




   £o
  D
   ND
 7D




Ë	Î Ë	Î Ë	ÎGÊ  6 ¡ ª ÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ ¢





 (CD#6FGGF  !#UCD!  ND
`#6CD6E:©
Ë	Î Ë	Î Ë	Î  ¡   Go
ºD
ºD
"C	Í CD  
  	F6#66FGEDC 
  CD#6FGGF  !¢# CD!  ND

EmÖ ¡ ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ ¢Ì





"C	Í CD  
    C 6F
"!D!
 @ÎÎªÎÎÎªÎÎªÎÎÎªÎÎ @
Ë	Î 	ÎGÊ  6 ¡ ª  CD7D
"C	Í CD  
 L£  
"CD  !#6FG!¢C
  ÎÎÎªÎÎªÎÎÎªÎÎ  J
Ë	Î 	ÎGÊÎGÊ :³C  !¢#6F $ Á #
"CD¯ Á   FG
 




 4ÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ  J
Ë	Î 	ÎGÊÎ Ë :³C  !¢#6F $ Á #
"CDÉ Á   FG
&
"#  !6#66C  #6F!D
   
"#E   
6CD,D







Ë	Î 	Î Ë ¡ D
"CD,D
B> N!
"<DCFG£ CD#6FGGF  !¢#³CD!  D
#6CD6EQ ÎªÎÎÎªÎÎªÎÎÎªÎÎ LË




   C  !#6F $ Á #
"CD D
4E NN × LË
Ë	Î 	Î Ë	Î Ë ¡ D
"CD^D
 > !




  FG!'C6  #6F!    
"!¢#
wÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ LË




  CD!  C  !#6F $ Á #
"CD 
"!¯  #6#6F  

"ÉEQ  # 
ÉÎ L




"C	Í CD  
    C6F
"!D!
  ÎÎªÎÎÎªÎÎªÎÎÎªÎÎ L	L
Ë	Î L ¡ !  GC6F! ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ LÌ
R / %'
H4 #$5(82   G$%9(8)+  " 
 , %9( 
 (8$ "" 3 (* $
 "   )+%'
(8&% %9 "	 % "" 2 

	ÎGÊ  !#6	C  #6F!¸ÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ L	J
	Î Ë   «"  D
    Go
	F#66FGEDCD
ªD
"C	Í CD  
 EDFG!  FG
  ÎªÎÎÎªÎÎªÎÎÎªÎÎ Ì
	Î    «"  D
    Go
	F#66FGEDCD
ªD
"C	Í CD  
    CF
"!D!
 uÎÎªÎÎªÎÎÎªÎÎ Ì	L
	Î 	ÎGÊ ¡ D
"CDuD
 > N!
"<DCFG£~E  ¯6CDLCD!  C  !¢#6F $ Á #
"CD  Á   FG
 
"#LCD! D
#6CD6E:  FG! !D! ÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ Ì	L
	Î 	Î Ë ¡ D
"CD,D
B> N!
"<DCFG£ E  ª6CD7   ¡ :
"#7
  D
#6CD6E:  FG! !D! Ìo
	Î 	Î Ë	ÎGÊ ÖA6FG!  F  
ÉD
   ¡ : ÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ Ìo
	Î 	Î Ë	Î Ë   «"  D





  C  !¢#6F $ Á #6F!
 ¡ : ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ 
	Î 	Î    «"  D
    Go
	F#66FGEDCD
YD
"C	Í CD  
    CF
"!D!
   C  !#6F $; 
 ~L
	Î  ¡   Go
  ! 6FG!¢# CD  
Ç Á !    CD×D
"C	Í CD  
   6" 





  ÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ @
	Î ÎGÊ ¡  7D
 7CD  
 ,EDFG!  FG
  ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ @
	Î Î Ë ¡  7D
 7CD  
    C6F
"!D!
 ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ @Ë
	Î L ¡ !  GC6F! ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ @
 / %'
H4 #$5(82  RN$%9(8)+  " 
 , %9( 
 (8$ "" 3 (* $
 "   )+%'
(8&% %9 "	 % "" 2  -
ÎGÊ  !#6	C  #6F!¸ÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ @o
Î Ë   «"  D
    Go
	F#66FGEDCD
#6F,CD  
 7EDFG!  FG
  ÎªÎÎÎªÎÎªÎÎÎªÎÎ @o
Î Ë	ÎGÊ ND¬"
ªD
  6"  #6F!
"#GFGLFG#
 ,#6« 6F  C
 ªÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ @A@
Î Ë	Î Ë ¡ D
"CD	F6#66FGEDCD
³#6FCD  
 YEDFG!  FG
 lE  ³CD*CD!  ND
,#6CD6E: FG! !D! ÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎ J
Î    «"  D
    Go
	F#66FGEDCD
#6F,CD  
    C6F
"!D!
 ~ÎÎªÎÎªÎÎÎªÎÎ J	Ê
  	  L
Î 	ÎGÊ ×ND¬"
ªD
  6"  #6F! ÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ JË
Î 	Î Ë Ö\
"LF
"³  «"   Z 
 #!!  C  !#6F $; 




Î 	Î Ë	Î Ë áY6!
 7#6« 6F  C
  ÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ J
Î 	Î  
"C	Í	F¬"u
  «"   Z 
 #  C  !#6F $; 




Î 	Î 	Î Ë áY6!
 7#6« 6F  C
  ÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ JÌ
Î  , 6CDG#  #7D
ªFGCD  #6F! ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ JA@
Î ÎGÊ ¡  ,D
 ,CD  
 EDFG!  FG
  ÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎ JA@
Î Î Ë ¡  ,D
 ,CD  
    C6F
"!D!
 ÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁË
Î Î Ë	ÎGÊ E  CD  
 Z !m
 6# ;   C  !¢#6F $; 
 ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎdÊÁËÎ Î Ë	Î Ë E  CD  
 Z 
 6#  C  !¢#6F $; 






L	ÎGÊ  !#6	C  #6F!ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÊÊ
L	Î Ë ¡   Go
ª£NFD ¯D#




L	Î  ¡   Go




L	Î 	ÎGÊ ¡ N  Go
 ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÊ"
L	Î 	Î Ë   N  Go
 ÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÊÕ
L	Î 	Î  ÖU
" C6  !  
  ÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÊ$@
L	Î  ¡   Go





L	Î ÎGÊ   FG!
  F§ÍD
" ÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÊKJ
L	Î ÎGÊÎGÊ ¡   Go
 ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÊKJ
L	Î ÎGÊÎ Ë    N  Go
 ÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁË
L	Î ÎGÊÎ  ÖÚ
" C6  !  
 ³D
  GCD#6F!     
³ÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁË	Ê
L	Î Î Ë   FG!
ª#6  ! Cp6u ÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁË	Ê
L	Î Î Ë	ÎGÊ ¡   Go
 ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁË	Ê
L	Î Î Ë	Î Ë    N  Go
 ÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁËË
L	Î Î Ë	Î  ÖÚ
" C6  !  
 ³D




   u"GF  #6F!³D









ª3 FG!'Cp6  #6F!×D
EQ ; ACp!  #6F!D
«  6«  Go
 ÎrÊÁË
L	Î L	Î Ë ¡ N  Go

"!S
  CJ  C
"!  
 7D
 E  !D
 ³ ¡  ÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁË
L	Î L	Î  ³u"GF  #6F!D
3 FG!#
"    #6F!  FG  Go
 bÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁË
L	Î L	Î    FGG
D
 (@ Öd£  6F  ED
WÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁËA@
L	Î L	Î L è`6#6FG  #6F!º	CSuND¬"
D
  6"  #6F! 
"!#6
3 FG!'C6  #6F! D
E:

"#,3 FG  Go
' D  D
" ÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁËA@
L	Î Ì ¡ !  GC6F!¯ÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁË	J
  ,H9%45,18FI8)+%9 8% " *2%F#$5,(82 . R .
Ì	ÎGÊ  !#6	C  #6F!ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁ	Ê
Ì	Î Ë   «"  D
  N  Go
ª£NFD u	F6#66FGEDC  !FD" ÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎrÊÁË
Ì	Î  ¡   Go
ª£NFD L	F6#66FGEDCªCD#6FGGF  !¢#³D
"C	Í¯FG!'C6  #6F!,D
E: ÎªÎÎªÎÎªÎÎrÊÁ	L
Ì	Î  ¡ D






Ì	Î ÎGÊ  D   «
 ÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎrÊÁA@
Ì	Î Î Ë , 6CDG#  #7D
ªFGCD  #6F! ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎrÊÁ	J
Ì	Î L ¡ !¢#6 
&D
ªD"EDFG#,
"!  N  Go
ª£FD L	F#66FGEDC ÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎrÊ"¢Ë
Ì	Î L	ÎGÊ ¡ !¢#6 
D





  !%$  !  

"!  N  Go
£FD i	F6#66FGEDC ÎÎÎªÎÎrÊ"¢












Ì	Î L	Î Ë	ÎGÊ :³C  GFG#D

  !6#66C  #6F!×D 6FG 
 ÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎrÊKLË
Ì	Î L	Î Ë	Î Ë ,G Á #6F!SD
D"EDFG#,ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎrÊKL	L
Ì	Î L	Î Ë	Î  , 6CDG#  #7D
6FGCD  #6F! ÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎrÊKLA@
Ì	Î Ì ÖÚ
" C6  !  
 D"EDFG#< 	F6#6F!D
!#6
  «"  D
    Go
ª£NFD L	F6#66FGEDC ÊÁÌ
Ì	Î  ¡   Go
ª£NFD u	F6#66FGEDC




 Á !   ÎªÎÎÎªÎÎªÎÎÎªÎÎrÊÁÌ
Ì	Î @ ¡ !  GC6F! ÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎªÎÎÎªÎÎªÎÎÎªÎÎrÊÁÌA@
/ % " ) (8% " . - .








H40(* % R $%J(*)+3
L
 (*$&, "8"  .  .
L%9$$
 & .  

 (8 )+
% "  .  -
  %4H9&
 18 .  

	 
 83HJ(* .  -




ª i   
 6F!£FD  L !D!¢C B  
 ,D
"6!DF¬"
   !D! 








`FG  6#  !¢#(D
\6#  !  DÚFG!¢#
"6!  #6F!  C	Í9I ;ÉÎ ËÌ  B








 ×Ö\è   ?C D

;ÉÎ ËÌ (M(CD#6FGGF 







7CD!    Go
   	F  #6F C8IpDÇ
6F G! ;   N  Go










 #6  	CDFG#; `D
 `
"!  ND
"CD`D!#` ª   
ÇÍ	FG#7
 6#*




 I"LLÊÁ CF$M C
  
"G






 6#,D!  GF 
  CC  FG#  C
ª3
 6#6FG  #6F!×
"# L   
"!  #6F! 	C¯uCD£o
"u




  #6C 
   C  ND














 3 FG  Go
WD  D 
Î ¡ 

  «"  D
  !  
  #6F!  Nu"#66F  C
 
 6#Y#CD# 4C  FG#    #  CDY
  D GF Á #6F!  #6C
"G
 
	C  N  Go
7£NFD  B  C
  
















"!¢#  !6FD"  ED
ªD
 YuEDFG















l#   

 D GF Á #6F! B FG  
"CD#
"#6





"LCD!¼  «"  D
  N  Go
 	C  l	C    D
"!¢#  £o
  CD!  ND
"CD³D







"CD³	F    !#
 CD!







"!#  GC,FG  6#  !#




  N  Go
















  CWD  D
"CDl
"!  !FD"  !¢# B ; Y
ÇÍD
"  
 B  C
³  !*D
"C	ÍiFG  Go













 LFG  Go




i !#6  




"$MÇÎ E  $0GCD
¯Ê u!¢#6





 L  ! CD!¸  «"  D






 l  !Y  $0GCD
&Ê    
"!¢#
"!¢#D
     
ÇÍ	FG#   C  N  Go
³
"#  CWD  N  Go
³#6¬ 
C  FGED
  G  
 ¯3 CD#6FGGF  #6F!¼





"#& CD!wD  ND
"CD
£FD S#6  	FG#6F!D!
"(IpÖ\è   C¼D
;ÉÎ ËÌ (MÇÎ^èA!~CD#6
 B  
   «"  D














  C  "
"*    ¬"!
  £o
  CD!
 C  GFG#D
ª








    CDEDCD# D
    6FGu
" D
 ÉF G!  C	ÍCp6#
"u




"# D  ND




 6#66C  #6CD
 Á D GF  C

 G  
"u
"!¢#  C	Í  
  C	Í D
 Á #
"CD B  CDF\#6  !u
"#6#
"!¢# D










ÎA  CD!  FG!¢#LD
W£NC
i#6« 6F  C
 B 




















    
 F! B CD!    Go
&Ç; I  CuGF
"CiD
  ! <FG!#$M(D
,ËªCD  
   6" 
  X 
"# Y  £  
"CD`	F  ¬"#
   £o
  CD! D"EDFG#
RX + RY ≥ H(X,Y )
B
RX ≥ H(X|Y ) 
"# RY ≥ H(Y |X) MÇÎmÖAGC#    
  6CDG#  #  "#







Décodeur vidéo distribué Encodeur vidéo traditionnel
distribué





"!	C ;  > N!
",
"# CFG£  > CÌ   C Á 7D
CD  






Y#6« 6F  C





  7£  
"CD(	F  ¬"#
  "#³"#  EDGF
³
"!×ÊKJo B  
,!m
 6#  C







  !  ¬"#
 Y!#
"#     







 <  FQ
E  
"!#*6CDYD




  B 




   D
  ,!:GC
"CD\£  6F  ED
4I ¡ EAS4M Ï¢³ Jo  B  CQè`	Ê 
 CD!
 ; 6# B 
"#D
   ND
 ªD
 Á !    Lu
&
   ND
   !£oGCD#6F Cp Ö\ J	J B 
   ND
 ³#6CD6E:
  ËYC 
   ND
 (EmÖ ¡  E   ËE Y  CD#6
 ; 6#ÁÎ E\ CD#6FGGF  #6F!~D
   D
"CDÉD








   "#u#6FG£o 
 ; \









 6#L6FGLFG  FG
   
"GCDF7 CD!FE Á !  7D







HE Á !  Eª!#7











 CD!  C  !¢#6F $ Á #






  F  !	?>  C<ÎlÖ    !  C
"!# B EQ
  C  C  D





"CD  C  !¢#6F $ Á #




   Lu
¸ C  !¢#6F $ Á #
"CDuD
 E 	N   Í Go"!"  GF , C    B  C  !¢#6F $ Á #
"CDu
"!~  #6#6F  
 
"E:  # 

 C'JA@ B  N
"  B  CNè`Ë  B   E ¡ E^  B  E ¡ E ª NCEDF
"!&
   C  !¢#6F $ Á #
"CD  ND Ú
"!É#6
"FGGGF
Ö\    B  ¡ Ö\³ ^
"#  I ¡  C:  Î




 !  C	Í D




  F  !	?>  C

"# > N!
"<DCFG£:Î;$!S  £oFG CD!  ND
"CD  £o
  CD!






"  CD#6FGGF   !*!*  «"  lD
  N  Go
,D
 CD  
 *	F#66FGEDC 
 ÁÎ  !  
 Á 	
 B 















  N  Go
D





   C    !*CD!
,!CD£o
"G
    
,D
 ; #6!lD
  FG! !D!  Go
³	C  D
,#6CD6EQDÎ ¡ 






  #6F!w	C  D











"# G  
"u
"!¢#D




#6« 6F  C
 ,D





   C FG!¢#6N	CDF! CD! uND
× CD#6FGGF  #6F! D
S   C  !#6F $ Á #6F!  D 
 ;  #6
"FGGGF




   
" C6  !  
 ¯D"EDFG#< 	F6#6F!b	C  D
"CD¯D

   	 	
 J
> N!
"<DCFG£QÎ  !  








"FGGGF,  !    
 6F!mÎ
   Cu"#  EDGF!iCD!
¯!CD£o
"G
SD"u!#6  #6F!  CDL
 Á   CD³D
 u£  
"CDiGFGLFG#
 
#6« 6F  C









   C     !UD
 A
ÇÍ	#
"!6F!  C	Í&#6« ¬"u
 \D
7
  F  !	?>  C:
"#AD
 > !
"<DCFG£  CÁ D
 CD  
 CDG#6F  
 





"#   C6F
"!D!
 ÁÎ   C D  6FG£o!
D




 	C  N  Go
 	F6#66FGEDC¯D
 #6FLCD  





 \E   *6CD\CD!  ND
7#6CD6E:  FG! !D!Î ¡ 
"#6#




Á D   «
" D
 E:6!
 #6« 6F  C
   £o
  D
   6"  #6F!  GC?C  FGED
 ÁÎ
  !ACD!L
  ! #
"   B !  !#66FGEDCD#6F!*!#  !   
   CL  «"  D
    Go
l£NFD 
	F6#66FGEDCi
 SAC×  C6   #6FG  GFG#&	C  C  !#6F $ Á #
"CD Á   FG
ÉCD!DF Cp6u
&  ! CD!  «"  D
  
  Go
&£NFD  	F6#66FGEDC B 3 CD#6FGGF  #6F!ºD




    
ÇÍNFG# C  FGED
 W3
"!  N  Go








 ³ ¡ Î
   C D  6FG£o! CD!
S#
  «D!DF  C
   u"GF  #6F!bD
S   C  GFG#×D
S3 FG!'C6  #6F! D

E:¯  !CD!   «"  D
  N  Go
£FD LD
#   
 > N!
"<DCFG£ CD#6FGGF  !#7
  6FG!  F  







    #
"!  
	CSD  ND






ªD"EDFG#  C  N  Go

"#  CSD  N  Go
Î
E  #6«¬ 
 
 6# G  !DF 
L
"!  FG!   «  FG#6
 ÁÎ   C  Lu
"! !  !




#6« 6F  C
 	C  N  Go
&D
& CD  
  	F#66FGEDC 
 ÁÎ2Em
  #6« ¬"u
 ªD
L




"<DCFG£w!#   
"!# ÁÎ)E^
  «  FG#6
¯Ë¯
 #  !   ¯3"#  # D
u3  6#ÉD







  «D!DF  C
 ,D
  N  Go
	F6#66FGEDCªD
D
"C	Í CD  
   6" 
 7EDFG!  FG
 

"#   C6F
"!D!
 ÁÎA³C  «  FG#6





 B  C  !  
  #
	C  N  Go
ÉD
ÉCD  
  	F6#66FGEDC 
  E  6CD³
  ND




"   B !C  !6FD"!





 7CD#6FGGF  !¢#7   C  !	
#6F $ Á #6F!¯ ¡ :b
"#*
  ND
7#6CD6E:  FG! !D!Î ,!
³
Ç D"u!6#6  #6F!¯









  FG!'C6  #6F!¸D
uE: ; 6#6F
"G





 Á !  `6CD
   
" Cp6  !  






 #l"#6C	FÎD³C  «  FG#6
ª B !C  !FD"!
 Á D




   6" 





  F  !	?>  C
"#*D
 > !
"<DCFG£ C Á  D
WCD  
 &CDG#6F  
  





"#   C6F
"!D!
 ÕÎÚ





	C    Go
	F6#66FGEDCªD
 #6FCD  
 lEDFG!  FG
 ,
"#   C6F
"!D!
 lCD#6FGGF  !#

  D
#6CD6E:  FG! !D!ª!¢#    
"!¢# 
 ÁÎD  !
  «  FG#6
L B 3"#  #7D
3  6#7D
 7  «"  
D
    Go
É£FD  	F6#66FGEDC 
 6#
ÇÍ  Î   C #
"6LFG!!  C  «  FG#6
uÌ 
"!   
"!¢#  !#ª! !¢#66FGEDCD#6F!  Cd  «"  D
  N  Go
¯£NFD  	F6#66FGEDCÎ&E\ CD#6FGGF  #6F!tD
    C  !¢#6F $ Á #6F!
 ¡ :   !i
  !¢#
ÇÍ	#
S	C    Go
S£FD  	F#66FGEDCS
 6#     
Î ,!d N6#¬"u
¯D
    
 6F!×£FD  D GF  C  !¢#ª
  6FG!  F  
 	C  N  Go
&D
#6FCD  
  	F6#66FGEDC 
 ª












uD"EDFG#  C    Go
i
"#  C
D    Go
 !#   
"!¢# 
 ÁÎAè\# 




 	C  ND
"CD
£FD i	F6#66FGEDC
"!   
"!  
 CD! ED6CDFG#,D
 Á !  3Î




   "     
E  #6« 6F
ÉD




  C <CD «CDF^FG!  !#CD6!  ED





  LCD!DF Á #6F!mÎ ¡ 
"#6#
 !#6F! CpCD# FG!¢#6N	CDFG#
 ;  ¡   CD
ºè7Î
«  !D!!  «  @ 
"!SÊKJ@  $! "#  EDGFG*
 `GFGLFG#
 \#6« 6F  C
 *D








ª#6  !6LFF!S FG!'Cp6  #6F! 
"!   
"!  
D
  Á !  C	Í¯ED6CDFG# ÁÎ
èA! ; 6#6F  CDGF
" B FG
 6#lu!¢#6  C
  CDlCD!    
 6C    #FG
ª	F  
"# X D!#7!  !D!  #
 6#  #6F6#6F  C
  B   GFGLFG#
ª	C #  C	ÍWD




 H(X) ÎDÖ    !#6
 B  CDD
"C	Í×CD  
   6" 
  X 
"# Y  CDFA!#  D 
 ª
"#ªD  ND 
   ! <FG!#
"u
"!¢# B 
&#  C	Í×LF§!DFG  ÚD
    
 6F!S!m
 #  C
3
"!¢#6  F
  ! <FG!#





   
" C6  !  
   £o
  CD!
i#6¬  C  FGED
u






!¢#  D 
 7  ; "u
"!¢#
"#7D  D 
   ! <FG!#
"u
"!¢#
E    !
   
"#6#
  C
 6#6F!  "#   
"!# 
 ; É
  F  !w
"# >  C(I3
  F  !	?>  CM
"!
ÊKJo  3>   ÎN¾l!¢#    
"!¢#CD! #6« ¬"u
ªE  6CDl     
 6F! D
CD  
   6" 
 

"# 	F  ¬"#
   CDF³!¢#  D 
 iFG!D  
"!  Lu
"!#   FWD  D 
   ! <FG!#
"u
"!¢#ÁÎ ¡ 
¯#   

D
    
 F!~
 6#  !D!¢CC
u! D




 ÁÎUÖAGC#    

#6« ¬"u
  "# Go"!"  GF ;  > N!
"
"#TCFG£ I> N!
"<DCFG£0M	 > CÌ   C Á ªD





  «  FG#6
   CDAEDCD#\D
    
"!¢#
"\
 \CD#6FG\#6« 6F  C





   CDF^ 
"!¢# CD#6FGGF  ;    CDFG#
Î;  !,CD!  
"LF
"³#






3 FG!'Cp6  #6F!CD#6FGGF   CD7 i   
 6F!  £o
  
"#³  !  
"6#
Î   C Lu














"!¢#  GCiD"#  FGGD
¯  GC ; 6#³D
  
  CDG#  #,
#6CD£o
















   6" 
 7





"#   C6F
"!D!
 7!#  
"!¢# ÕÎ
B B &=8Q5 % $&%?.Õ035 +! "8$# )l-5%7+
  !  
"#6#
 






   FG!'C6  #6F!~CD#6FGGF  
 
  !7  #6« 6F
ÉD
3 FG!'Cp6  #6F!mÎ
ÊÊ





i£  6F  ED
    #FG
 	F  ¬"#
 X  CDF  
"!¼D





 6FGEDFGGFG#  Ω Î;NFG# p(x) = Pr{X = x}, ∀x ∈ Ω B   F^D
  E  EDFGGFG#ÉD
ª  £  6F  ED
 X Î@ !¸D $!DFG#    C  !#6FG#W FG!'C6  #6F!  Lu




   !D!  F   !  
 Cm CD!~E
"6£  #
"CD   CDF
"6#&  Cm CD!~"£o"!
"u
"!#u
  	CDFG# B  !D!  F  !#u
"CD
"u





 6#  E  ED
 B uFG!   C  !¢#6FG#  FG!'C6  #6F!
IpC FG!  
"6#6FG#6CD
 M  6
   !  !#
w
 6# G  !D
Î ¡ 
"#6#








I(X = x) = − log2(p(x)) I<ÊÎGÊ M
Ö  6#6F  CDGF¬"
"u
"!¢# B 6F p(x) = 1   I(X = x) = 0 B  
 6#< 1 	FG















i£  6F  ED





  C  !¢#6FG#  #6FG£o
 D
u3 FG!  
"6#6FG#6CD
   F 
  C	Í £  
"CD  6F








"! !  
    FG
  CD*D  6FG
 X Î E`
"!¢#6  F

 6#`  u o
"!D!
D
7   C  !¢#6FG#  FG!'Cp6  #6F! I(X = x) B !# 

H(X) Î ¡ 
"#6#
  C  !¢#6FG# B 















  C  !¢#6FG#  6FG#6FG£o
Îè\G











 Ω     «  E:
"#$!DF3ÎE\
"!#6  F
  ! 6FG!¢#
ÉD
ªD
"C	ÍW£  6F  ED
     #FG
  I X ∈ Ω 
"# Y ∈ Ψ M  £o
  CD!
	F6#66F§EDCD#6F! I  ! 6FG!¢#
 M Pr(X = x, Y = y) 
 6#7D $!DF
 ; 
H(X,Y ) = −
∑
(x,y)∈Ω×Ψ










 #Ú#C 6CD(6C  "6F
"CD





  «   C
"£o"!
"u
"!#5I H(X,Y ) ≥ H(X) 
"# H(X,Y ) ≥ H(Y ) MÇÎ ¡ 
"  
 6#7	C  C C  FG#  C

p(x, y) = p(y|x)p(x) ≤ p(x) ÎAE\
"!¢#6  F
  ! 6FG!¢#
  




H(X,Y ) = H(X) + H(Y |X) = H(Y ) + H(X|Y ) I<ÊÎ  M
 H(Y |X) 
"# H(X|Y ) 
 
"!#6  F
   !	FG#6F!D!
"G
 




 Y   «  !¢# X 
"#D
 X   «  !¢# Y B  !¢#,D $!DF
  ; 
H(X|Y ) = −
∑
(x,y)∈Ω×Ψ
p(x, y) log2(p(x|y)) I<ÊÎ L.M
H(Y |X) = −
∑
(x,y)∈Ω×Ψ
p(x, y) log2(p(y|x)) I<ÊÎ Ì.M
  :     	 : 	
	       	 :   	
 ÊÁ
ÖUCDGo"!"  GF
" B ! D $!DFG#3
"!¢#6  F
  ! <FG!#
iD
 n £  6F  ED
  {X0, X1, . . . , Xn−1}; 
H(X0, X1, . . . , Xn−1) = H(X0) + H(X1|X0) + · · · + H(Xn−1|X0, X1, . . . , Xn−2)I<ÊÎ 	M
	   "!
#%$&'(!) $  0		0





"C	Íi£  6F  ED
     #FG
 4I X ∈ Ω 










= H(X) − H(X|Y ) I<ÊÎ J.M
= H(Y ) − H(Y |X) I<ÊÎGÊÁ.M
= H(X) + H(Y ) − H(X,Y ) I<ÊÎGÊÊ M
@ !w
"!wD 	CDFG#  C
 I(X;Y ) 







"C	Íº£  6F  ED
     #FG
  X 
"# Y !#ÉFG!D  
"!  !¢#
 ÕÎE\ FG!'Cp6  #6F!¸ÉCD#6C
"G
 
   
"!¢#
W   	C  #6F!¸D
3 FG!  
"6#6FG#6CD
 ; i D 6# ×CD!
SD
 uD










&   C  !¢#6FG#  FG!'C6  #6F!  C
&D
"C	ÍS£  6F  ED
     #FG





"!#ÁÎ E  $0GCD
ºÊÎGÊ  6CDu
¯
 L  C  #6F! I<ÊÎ J.M B I<ÊÎGÊÁ.M 




















"   Á; FG# D
 É N6#¬"u
 ÉD
 LCD!DF Á #6F!ÁÎ
B
  % É+&5É%$&% ª$&)7% $&% 9É8U%?%U- $&%  #É8:%A9;95 7+
Em
Y 






 D!  !  
  !#
"!¢C
  !(3 FG!'C6  #6F! 	CDFG#















FG!¢#6N	C  #6F!  C  N  Go
ªD
CD  










 ^CD#6FGGF U  !^






    
 F! £o
  C   !  
"6#
Î
E É   
 6F!  !6F6#
 ª 	CDFG
,  #  FGG
  « 	6F  C
,D
,ED  * FG!'Cp6  #6F!ÁÎNèAG
 
 6#Á   #"6F 
 ;  
+C  #
"CDLD
    
 6F! B  
 6#< 1 	FG
 








     
  
  ;   
"GCDF   
"!#,  !
 7D!D! 
 ³6F GFG!  
 ÁÎ
  !\!  6#6F  
7  #,D
ªÊKJ@  «  @ B t  #6«
"  #6F Á Ql«
 &DC ¡ LCD!DF Á #6F! B
«  !D!!  D"£o
" D   #6« 6F
ÉD
É u   
 F!×D
ÉD!D! 
 ÁÎ¾  "#  EDGF  Cm FG   CD!

GFGLFG#
 Cp!  u
"!#  
É É   
  6F!¯D
 D!D! 













  CD  
     
 






 H D  
"!D
,  !  #6CD
³#  #6F6#6F  C
 D
7  CD  
ÎN 
 6#  6FGED
³D
    
  
"*CD!
 CD  




  !6#66C  #6F! ;  C  FG#
ÉD
 ³D!D! 
  6F GFG!  
 $M B LCD!#  C	Í¯D
    
 6F!  ¬ ³D
!







 Ôl¥ÚÊÎGÊ   &B"  /1$%*+!9 &!:/C21& &B!
/C21*4<$%& &B/G$%! *4210/1$%*4!   /1 &"%"%&+D

"!¢#6  F
ÎÖ    !¢#6
 B FGm
 #FG  FGED
  #6«"  #6F  C
"u
"!# D







  CD  
Î«  !D!!   G  
"u
"!¢#7D"£o
" D    #6« 6F
D
³ É   
  6F!¯D
³D!D! 







 D"EDFG#< 	F6#6F!mÎ^  ! ¯   
 6F!~D
uD!D! 













   C	Í D!D! 
 ³6F GF§
!  
 ÁÎD  !  















 ³6F GFG!  
 ,
 6##" 





    6F"# i#  #6F6#6F  C







 B  <

   !¸CD!
9C!  #6F! B R(D) B D 
" 






    
 F! 
 6#  




 #  C	ÍºD
    
 6F!w
"#ª  	F#6F!mÎ*:³C  !º     
 6F!¼
 6#  !  
"6#
I  C  CD!

	F6#6F! C D = 0 M B 
É#  C	Í LFG!DFG  (D
    
 6F! 
 6# R(0) = H I  CD³CD!
&CD  
    «  E:
"#$!DFMÇÎ
  !  
i
"! B   #6« 6F
iD"EDFG#< 	F#6F!¸
 6#CD!
 Go"!"  GF  #6F!D
u  #6« 6F
WD
u    
 6F! D
 D!D! 
 i  !  
"6#












 I D = 0 M\C 6#66F  #
"u
"!#  6FG#6FG£o






 *#6« 6F  C
 lD
,#C*
    Go6FG#6«Du
 D
    
 F!WD
 D!D! 












    Go6FG#6«Du
 ÁÎ
+* 	  !)$&.#0 (! 	. 0 #0
³!w	6#¬"u
LD
    
 F!¼D
 D!D! 
 &  !  
"6#
 Ip
"!  !:G  FW:6
     
 <
6F! M
 #ªFGGGC6#6 W  $0GCD
SÊÎ Ë	Î ¡ 
u	6#¬"u
LÁ D GF  C
  C	Í CD  
 	F  ¬"#
  B D!¢#É
 
6#  #6F6#6F  C
 &!¢#  !D!¢C
 ÁÎ Em




  GC5Go"!"  
"u
"!¢#LCD#6FGGF  
 É  !&CD!
	6#¬"u
lD
    
 6F!u  !  
"6#
l!¢#A
   ND
 AD
 ;³C=:  !u
"#U
   ND
   6FG#6«Du"#6F  C
 ÁÎ
  :     	 : 	
	       	 :   	
 ÊKL
Source Décodeur SourceCodeur Source
X
X








 CD!¸ED  D






"#  	CDFG# 
"!b 6#6F
CD! ED  D
 !:GC
"CD £  6F  ED
ÎAE\
"!  D












    FÎ E × !  
  #6F!r	C D
LD
 ;³C=:  ! 
 6#ª  #6FG  
 I  CDªCD!
 !:GC
"CDÉD
 ED  $DÍD
 M B 
"! 6C D   !¢#  C
 
 
6#  #6F6#6F  C
 uD
¯  CD  
S!¢#  !D!C
  × 6F6F3Î&E^
¯u#uD
  ND










  6FG#6«Du"#6F  C
É
 #  !"C  CD
CD!
 G  !D
    
uD



















"C	ÍtÁ D   «
"¯	Ct#  C	Í D
   





 ;,C=:  !mÎ




  £NF;³C=:  !    ³
"!ÊKJ	LË<;,C'CLË CD!
³u"#6«ND
³6#  #6F#6F  C







  C	Í 	F =:"
"!#NE:
      
  
"ÁÎ E  !:GC
"CD&D




 6# ; FD
"!¢#6F  C









   E  EDFGGFG# ³"
"£o 









   GC   
 I  £o
  D




  GC !:Go D
  EDFG!  FG
 ÁÎ ¡ 




   
"GCDFA	C  ND
×
Î @ ! ; 6
&D
    Go
!
!:GC
"CDª£  6F  ED
 ¡ E+S Ip
"!  !:G  F S E ¡  CD£  6F  ED
  ND
&
"!:G#6«!M   $DÍ	 B  CDªD 6F§
G!
"  
É#   
D
  N  Go
 Á   C  CD!  D
!m
 6# 
   $DÍD





iu#  ND   !:GC





  GC  
"#6FG#
  Cm  £o










  N  Go
  6FG#6«Du"#6F  C
 Ö  ¿Ì B 7F¿Ì  B  EÚJ  
"6u
"# B  ; 6#6FGD
















"CD  6EDFG#6  FG
uD
LNE:
 ÁÎ ¡ 
"GCDF§  F`	F =:¬"
 	C  ND
 D






"CDª£  6F  ED
    «   C
uNE:
LD













   B Ê GÎ ¡ 
  ND
 
 6# !6#66CDFG# ;  D






 6# CDEQ	FG£NF  CD «   C
 !CD£o
  C ÉEQ
  CDF D; 6#6F




















   
"!¢#





  N  Go
  6FG#6«Du"#6F  C
  ND




  CD  £oFGA
Yu#AD
  D















 ;³C=:  ! B 
  N  Go
 6FG#6«Du"#6F  C
¯
 #ÉE  W6CD&CD!   Go6FG#6«Du
 SD
"C	Í¼"#  
 ÁÎFE  
"LF¬"
¯"#  

















 "#  
¯  GF
¯     




 ;³C=:  ! B 

ÊÁÌ     
 N  Go







 EDFG# ; l!  











    
 6F!  GC  




  N  Go




  GCLFG  6#  !#
  C
 
    Go
SD
 ;,C=:  ! Á uFG
!m





LD  N  Go
  £  !¢#  £oFGED#







 *#6  !6LF ; `  CD  
Î Em
   
" Cp6  !  
 l	C  N  Go






  u"GF 
 YD¬ \  C

 `#  ED
 `D
  E  EDFGGFG# *!
7!# ;  $DÍD 
  B   F    # 
  
    C
"!  
  CD  !#
³
"#*
"! C!  #6F! D
 `   C
"!  
      D
"!¢#
 ÁÎ @ ! ; 6
  `D
  N  Go
 6FG#6«Du"#6F  C
    #  #6F C  >   ¡ @o  B  >   ¡ JA@  Î




    





 CD  
  
"G
 i£  
"CD  !#6F§
!¢C
 ÕÎ?E    




"!  !:G  Fwl     
 F! M B ;   D 6FG#6F!
     












"CD #  C	Í©D
    
 6F!  6FGED
 B #CD# 
"! G    !¢# CD!  6CDG#  #  CDFªFG#¯




 Y6F GFG!  
 ÁÎNèA!  !#6
 ; 6#6F
 CD!i#  C	ÍiD
    
  6F! E:
  C	 C u GC`FG!¢#"
   !# B 
 \D!D! 






  C D
³D G    #6F!W  !  C
7




"FG B # N ; ! B 





 D G    #6F!r6F G!DF $ Á #6FG£o
ÎAèA#  !#uD!D!  C
  
i#   
 D
    
  6F!r6C D 6FGu
 D
 
FG!'C6  #6F!  !¢#
"!C
   !
 ªD!D! 










Source Décodeur SourceCodeur SourceQuantificateur Réconstruction X̂
X XQ





    
 6F!  £o




 X Î X̂




  !#6FG#6C 
 D
i  CD  
 X Î ¡ 
 6#É ¯  
"!  




    





    
 6F!×  ! 
"6#
Î:Em




£  6F  ED





 £  6F  ED
    #FG
ª	F  ¬"#
 XQ ÎN  ¬   «   C








  C  !#6F $ Á #6F! M  !6FD" 
   Lu
ªD
 l6F G!  C	Í FG!D FG  ED





  6CD# 
   Cd6F G!  CD#6FG
Î ¡ 
 i6F G!  C	Í











   &   C  GFG#ªD
ª
 6#6FG#6CD#6F!D
ª  CD  
Î
³!  C  !#6F $ Á #
"CDi
 6#u  #6FG  ,Õ FG    
"!¢#
 D
   
" C6  !  
 L  ÍNFG  
 ÕÎ ¡ 
"G
 <  F
!#,D
  GC6F




"CD7#  C	Í D
    
 6F! B









"CDB:³C  	  #6F  C
× o
"!D!
Ipè : M D = E((X − X̂)2) B




  C  !¢#6F $ Á #
"CD CD#6FGGFi  !&CD!~N#¬"u
iD
    








  #6F #   
  CD!  C  !¢#6F $ Á #
"CD Á   FG









  C  !#6F $ Á #
"CD Á   FG
,#6  FG#
  «   C
³£  6F  ED
    #FG

  :     	 : 	
	       	 :   	
 ÊÕ
Xi FG!D  
"!  Lu
"!¢#SD
      D
"!#
 ÁÎÖ    !#6
 B 











"!¢#    #
ªD







£  6F  ED
     #FG
 ÉC   
 6FG£o
 ÁÎÚF`
   
" C6  !  
 &D











 * Á   FG
 \  C
D
 `D G    #6F!Y!¢#`#" 
  B
FGA







  !	CDFG#' D
  D"  FªD
 Á   CD(FG  6#  !¢#
"# 
CD!
    





  «D!DF  C
 *D
  C  !¢#6F $ Á #6F! 
 6#  
"!¢#É  !     JA@ Î
.    .   (8





  CD  
 
"G
 X   !lu"uFG
 I < < * M  
"!  !#,D
 l£  
"CD  !73 FG!	#
"6£  G
 [a, b] B  £o
  fX(x)   C!  #6F!©D
D
"!6FG# D
  E  EDFGGFG#Î X 
 6#  C  !#6F $; 
×
"!CD#6FGGF  !¢# CD!  C  !#6F $ Á #
"CD  Á   FG
Î3E  6#6F
¯D
  C  !¢#6F $ Á #6F! XQ  
"!r
  £  






  C  !¢#6F $ Á #
"CD Á   FG

 #7D $!DF ; 
ÊÎI L  Ê MÚ!DFG£o








  C  !¢#6F $ Á #6F!
x0, x1, ..., xL
 £o
  x0 = a 6 x1 6 ... 6 xL = b BË	Î L £  
"CD  C  !#6F $; 
 ª XQ1 = y1, XQ2 = y2, ..., XQL = yL  £o
  yi ∈ [xi−1, xi]  CD
i = 1, 2..., L Î L 






  C	Í D
  C  !¢#6F $ Á #6F!mÎ
Em
  C  !¢#6F $ Á #
"CD( Á   FG
     F
 Y#CD#
\£  
"CD X    6F
\  !m3 FG!#
"6£  G
 [xi−1, xi] BCD!
u£  
"CD  C  !¢#6F $; 
 XQi 6FG#6C 




     D  
"6u
"#  #6#66FGEDC
" «   C
 X CD!iu#*EDFG!  FG
7CD!DF  C
 B  «FF ; 6LF;
  L  C
  !#6F









"CD  C  !#6F $; 
 
 6#CD!
  CDF  !  
 D
LË B !  CD 
L = 2R 
"#  «   C
 £  





   
"!# 
 ; CD!×u#D
 R EDFG#ÁÎ:  ! 
 Á  B 
ª#  C	Í¯D
    
 F!SD
  CD  
 X 
 6# R EDFG# NE:
ÎE  	F#6F! FG!¢#6N	CDFG#
 ; ,CD!  C  !#6F $ Á #










(x − yi)2fX(x)dx I<ÊÎGÊÁË.M
  (*
 "  )+
$3(8L$)+
 
 & ( "  %45 K
Em
  C  !#6F $ Á #
"CD 
  GC 6FG  
S CD!  FG!# D
¯£NC
    
ÇÍ	FG#SD
¯3   Go6FG#6«Du
×
"#
	F   CDG# D
i3 FG  "u
"!#  #6F!d
 6#
  C  !¢#6F $ Á #
"CDL Á   FG
 CD!DF Cp6u
Î(  !  
 Á  B 
 
!DFG£o
  C	Í D
 D  F6F!W !¢#YCD!DF Cp6u"u
"!#7	F6#66FGEDC l
"#*  £  
"CD  C  !#6F $; 
 XQi 












  C  !¢#6F $ Á #6F!¯6C   
 F Cp*
 6# D 
" 
  ; *D
  C  !¢#6F $ Á #6F! ∆ = xL−x0L Î E  £  
"CDY	C; D







"#³  	F6#6F! Ipè : M³D







"  	F6#F! D  CD! 	6#¬"u
ÉD
    












i    B I3F G!  \#  F 
ª  #6F MlD $!DF ; É




Ê$@     
 £o
  σ2X   £  6F  !  
D
  CD  
 X     
  
"ÁÎ  C CD#6FGGF!ª  !  ; 6#6F
    Go
&£NFD W	F#66FGEDC9I  «  FG#6
iÌ.M,CD!  C  !#6F $ Á #
"CD





 MÇÎ ¡ 






 D  F6F! CD#CD,D
 Á" I D 
" Á!
u6#
 MlD!#7  #  FGG
ª
 6#CD!SCDG#6F  
D
ª  #  FGG
D





  C  !¢#6F $ Á #6F!mÎ  "!"  
"u











   CD#6
 lFG!#
"6£  G
 ÕÎ ¡ 
  C  !¢#6F $ Á #
"CD  C  !¢#6F $;
  Á"&#CD#
 Y
 *£  
"CDY
   GC
6F G!DF $ Á #6FG£o





 B  
"6u
"#6#  !#  FG!6F\  u"GF
"
   LF,D"EDFG#< 	F#6F!    JA@ Î
  (*





 K E`   Go6FG#6«Du
D
E 	N   Í  E+@Ë B
  ÍDÌ Á    #
³  CD  
l
"!  «





  L £  
"CD C  !¢#6F $; 
 
"#
  L + 1 !DFG£o
  C	Í D
 D  F6F!ª  !3 FG!#
"6£  G
 [a, b]  £o
  CD!
 	F6#6F!D!D! 
 ;  I<ÊÎGÊÁË.Ml 	CDFG#
  C¯LFG!DFGCD Î
ÖUCD*#CD# i = 1, 2, ..., L B   LFG!DFGLF  #6F! D
  	F6#6F!i	C  C  !¢#6F $ Á #
"CDD








 ;   !D!¢CD  #6F!¸D
 D"6FG£o 
  ; 6#6F
"G
 ÉD
 D B ∂D∂yi = 0 
"# ∂D∂xi = 0
B 


























(−2)(x − yi)fX(x)dx = 0, i = 1, 2, ..., L. I<ÊÎGÊ" M




















"!¢#  xi B CD!
D
"C	ÍNF¬"u






















, i = 1, 2, ..., L. I<ÊÎGÊÕ	M
¾!DFG#6F  
"u
"!¢# B 3   Go6FG#6«Du
ºD
 E 	N   Í CD#6FGGF









"!¢#$MÇÎÖ\CDF  «   C
ªFG#"  #6F! B3   Go6FG#6«Du
D
 E NN   Í Go"!¬"
³CD!i!CD£o




"C	Íi  C  
#6F!,I<ÊÎGÊKL.ML





  C  C  !¢#6F $ Á #
"CD¯
 6#  GC
C  FGED
¯Cr G  
   
"G
¯	C  C  !#6F $ Á #
"CDWD




  :     	 : 	
	       	 :   	
 ÊKJ
D    #  GC B 
    
 C FG#"  #6F!
" u 6 
"#Î



















LD"EDFG#< 	F6#6F! B 






"!¢# ;    #
lD












"!  !# B  
"#6#
 #
  «D!DF  C
ª








 Á § CDª
"#ª
  ; 
 D
&#  H  Go
Î:èA!ºÁ  CD#6F  !#CD! D"  F  GCª"




"CDl  «  !#6FGG!ª  CpFY
"#l  "  !#  £o












uÁ D   «




  ¯ CD6E:
uD"EDFG#< 	F6#F!
R(D) Î
.        (8
 "  )+
% " J)A$%93 
E   C  !¢#6F $ Á #6F!W£o
  #6F
"G
     @  B    JË   !F6#






(x1, x2, ..., xn) D
&3
  ; 
 <n Ip
  ; 
&D
&£  6F  ED






n M ;  CD!  CD#6
º£o
  #














 ÕÎ^  #6«"  #6F  C
"u
"!# B !; 6








 N D $!DF  Lu
×CD!
D GF Á #6F! Q D
 <n £o





  ; 
 <n 
"! N  GF! I D 
" 
  C6F GF!³D
 S\!  M Ri I i = 1, 2, ..., N) M³D $!DF
  ; 
Ri = {x ∈ <n/Q(x) = yi, 6F ||x− yi||2 ≤ ||x − yj||2,  CD#CD# i 6= j} I<ÊÎGÊ$@.M
 £o




  C Á 6
"!¢#6
 x 
"# yi D $!DF
 ; 








"CD x D; 6#
"!  !¢#    GF! Ri  !¢#`
    






 yi ÎÖ  l  6CDFG#
 B ||x−yi||2 
   
"!#













































  C  !¢#6F $ Á #







 ; 6#6F  CDGF¬"






   













   £o
  CD!
















   £o
  CD!
  C  !¢#6F $ Á #6F!¯ Á   FG
Î ¡ 
?G  FG! 
 6#Y 
3
ÇÍ  FG#  #6F! D
  u"uFG
D
  CD  











   CD  
 MÇÎÚè\!  !#6
 ; 6#6F
    C  !#6F $ Á #6F!¸£o
  #6F
"G




Ë     
   
ÇÍ	FG# 
"#LD
 uD"  FLD
 Á   CD  GCLFG  6#  !¢#ÁÎ3Em
  G  FG!u
"#L
     
ÇÍ	FG# uD






    	FGu
"!F! n Î³!  C  !¢#6F $ Á #
"CD D!¢#
i	F  #6F!D!  FG
C6u
LCD!  
  C¼ GCDGF
"ÉD
  FG!¢#É  !CD!















  #6#6F  
 
"#`




 6# D 
"  C  !¢#6F $ Á #
"CD6CD`  #6#6F  
³
"#*!# Λ Î  !3
  ; 









  o! r Î ³!  C  !¢#6F $ Á #
"CD`6CD`  #6#6F  
,


















   
"!# ; ³  E  
  !6#6FG#6C 
 ; 
  n £o
  #
"CD ci = {ci1, ci2, ..., cTin} CDFm!¢#7
   
"!¢#6
  D
 7  «¬"
 ÁÎ ³!  C  !¢#6F $ Á #
"CD³CD  #6#6F  
 Λ 





   FG!¢# l ∈ Rn #
"  C
L
Λ = {l ∈ Rn|∃i ∈ Zn, l = GT i}
 £o
  G     #66F  
(Go"!"  #66F  
É	C  C  !#6F $ Á #
"CD CD  #6#6F  
 Λ D $!DF
 ; 
G = (cT1 , c
T





   C  !#6F $ Á #
"CD³CD  #6#6F  
!¢#³CD«  FG#  ED
   ¡ @Ë B ¡ 'J B ;   
  C
L
ÊÎFG   D
    Go6FG#6«Du
 ³  FD








 ³#  C	ÍSD
    
  6F!"
"£o  B   	F6#F!Go"!" 
&





 ,  !u"uFG









"!6F!r G  
  Ë B     #6#6F  
 «








"!¢#  CD £oFG³ & GC C  FGED
	F6#6F!S CD!  C  !#6F $ Á #
"CD³6CD  #6#6F  
 I $0GCD
uÊÎ  MÇÎ
 Ôl¥^ÊÎ    ".0/C/1$%& &(0?+*+!4"%&+D
  :     	 : 	
	       	 :   	
 Ë	Ê
.     R   (8
 "  )+
% " )+%'2 " $&   
¡ !6FD"!³CD! G  «
 G   #6F C  F  !#7
     6F"#  6CDFG£  !#
 
ÊÎFG   CD! !ED
 $DÍ	
D
  CDF  !  
Ë IpFG#  
S!ED
  G  
  2j MuD
 ED  !  «
 6F
"!# 
 ,6#  !#
 ³D




Ë	Î  «   C
ED  !  «
D





 CD!    «  EQ
"#³D
ªD!D! 
  A Î
	Î
 G  «
 G 
 6#(
"GF I  CDAD
"C	Í&Lu
"#AD!D! AD











"  FG#6F Cp #
"  C
 n 
 6#¯CD!CDG#6F  
D





"LFG! P 	C+G  «




"!  !¢# n/m ED  !  «
 ÁÎ ¡ «   C
  «
"LFG!×  ! P 















    !  «   C
   C
"!  
  6
   !   
"GCDFYD
 ÉED  !  «
   CDF*!#
£FFG# 
  ; CD!  «
"LFG!SD!D!Î;NFG# R = j/m ÎD  !  
 Á  B FG   2nR  «
"LFG!7	F ="





"!#6F $; ,CD!DF  C
"u
"!¢# ;  nR  ÉEQ
 ÁÎ³!¼#6
"FGGGFL
 6# ; LD $!DFG#6F!~CD!
W
   
"!#  #6F! G  «DF  C
 D
 #C&
   «
"LFG!LD

P ÎUè\#  !¢#uD!D! 
WCD!
    C
"!  
 x = (x1, x2, ..., xn) D
i3
  ; 
 An Ip
  ; 
W    «  E:
"#D
D!D! 
  A 
"#,D
	FGu
"!6F! n M B 










"LFG!¯  ! P D!¢#Y     C
"!  










(xi − yi)2 I<ÊÎ Ë	Ê M
E  6#6F
`	C  C  !#6F $ Á #
"CD\









   !  !#  C  «
"LFG!uLFG!DFG  D
 P 
"#A    C
"!  






























 (y1, y2, ..., yn) 	C  «
"LFG!¯
"#6CD£oÎ0Em
 #  C	ÍWD
    
 F! D
  
  C  !¢#6F $ Á #
"CD


















iÊÎ L C6u ; ,D
"C	Í Lu
"#,
"#,uED  !  «
 ÁÎE  	FGu
"!F!~D
 &"#6F  C
"#6#
 &6CD
 ED  !  «
  
 6# Ë I m = 2 MÇÎ ¡ !FD"!    C
"!  

x = (0, 1, 0, 0,−1, 0) D
A!:GC
"CD n = 6   C  !#6F $;
"  £o




"! CD#6FGGF  !¢#
 G  «
 G Î Em
&#  C	ÍD
    
 6F!º
 6# R = j/m = 0.5 EDFG# ; NE:
Î¡ !6FD"!W
SLu
"# s0  Lu
S
  FG!#WD
D ; 6#  CD  C  !¢#6F $;





 P   ! G  
"CD#  £oFG 2nR = 8  «
"LFG!  6FGED





"CD n/m = 3 ED  !  «















\    C
"!  
 x I m = 2 M






ÊÎ Ì	ÎÚèA!~#CD# B FG   #6FÉFG!6#  !¢#  6
   !  !¢#  n/m = 3 Î^³C  
"LF
"FG!6#  !¢#L	C~#6
"FGGGF B ! Á   CD




  C Á 6 
"!#6
W




ED  !  «
   6




    Go
'  C  !¢#6F $;

















 Ô Y¥^ÊÎ Ì8 21&$%"%"%$.9 (&9 &,$%!(9 (& "  &!9C&B 7"%& P D
D







 Á   CDª
 6#i  GF   CD  C  !#6F $;
"
   
  #6FG£o
"u
"!¢# (0, 0) 
"# (−1, 0) Î E  $0GCD




  C #6
"FGGGFÉD
   «
"LFG!D
 P #
"!  !¢#    #
D
   FD7D








"LFG!   !l
³#6
"FGGGFD
   $0GCD
LÊÎ É
 6#  
"GCDFD!#   Lu
 D
   FD

 6#( ³ GCFC  FGED
Î ¡ 
  «
"LFG! IJ    C ; AD
 (#6  FG#(   Go
 $MU
 6#  !6#6FG#6C ; (








"# s1  Lu
ª3 FG!	F  C
ª  $0GCD
uÊÎ @	ÎCD 
 W"#6F  C
"#6#
 ¯D




ÊÎ @ B !    <CD#
 Wu#
EDFG!  FG
   6
   !  !¢#IpD
 Ê³EDFG#D
³!:GC
"CD$MÇÎDÖ    !  C





 6CDG#  !¢#
  ¬ 7   C  !¢#6F $ Á #6F! D
 x 
 6# (0, 1, 1) ÎEm






 #  !6FD"  Lu




"   Go"ED6F  C
Î    
"GGFG! 
"#4>UF  «
"  >J \!¢#D"£o
" D  CD!
    
ÉFG  6#  !#

D





  D 
" 
  C  !¢#6F $ Á #
"CD  D ; #6
"FGGGF
Ip
"!  !:G  Fl ¡ :  CDYm
"GGF ¡ D
 L:³C  !¢#6F    #6F! MÇÎD  !\
  «  FG#6
ª B !C   
"!#!
   ¡ : 
"#ª!C    !ªCD!   «"  D
    Go
LD
 CD  
 	F6#66FGEDC 






  :     	 : 	
















 Ôl¥^ÊÎ @8  & ,&B$."%"%& 2 &B,$.! (& "  &!(9C& 7("%& P 4!(9 ".& /C21&B$."%"%$%9D
.       23,  #$%4% "
E  #6« 6F
³D"EDFG#< 	F#6F!  "# D"£o
" D  
  CDYD
 * CD  
   £o







 D GF  C 
  CD,D
 7CD  
 L£  6F  ED
   !#6FG!¢C
 C 	F  ¬"#
 ÁÎ
  ! ¯   





 ÉD    
   
 !








 6F GFG!  
 ÁÎ^NCD£o
"!# B FGA6C u#  £oFGªCD!
 D ÁÍNFG  #6F!
  F!D!  ED
"u
"!¢#    «













 m£  
"CDm D ÁÍNFG  #6F!U£oCDGC
 ÁÎ  "!"  
"u
"!¢# B  
 6#mCD!




  X 
"# X̂   !\3    «  E:
"# Ω CD!u!ED
,!!i! G  #6F CmD"!# ; ³
d(X, X̂) ≥ 0 I<ÊÎ ËË.M
 X D 6F G!
 
 YD!D! 
 ,6F GFG!  
  B X̂ ! D  Í	FG  #6F! B 
"# d(X, X̂) 

















G;  LLFG!:G IJCD#6FGGF  
  CD
 CD  





0 F X = X̂






"CD  C  	  #6F  C
 D




"!# D GF Á ED






  MÇÎ ¡ 
 6#ª  u
 6CD
    GCCD#6FGGF 
  CDD
    «  E:






Ë     
d(X, X̂) = (X − X̂)2 I<ÊÎ Ë M
èA!    #6F  C
 I  N  Go




  C  GFG# !¢# Go"!"  
"u
"!¢# 
ÇÍ  6FGu 
 

"!,C!  #6F! 	Cº D 6#6F G!     
"#
LCD ED6CDFG# Ip
"!  !:G  FÖÚ
  H F G!  \#   F
L  #6F 
PSNR M B FG# B   !7
 Á ³ CD! 6F G!  m
   
"!#6CD @ EDFG#




E  #6« 6F











(I d(X, X̂) ≤ D M B FGD
ÇÍNF6#
YCD!
 C!  #6F! R(D) B D 
" 




I(X; X̂) I<ÊÎ ËÌ.M
   ¬ (
Y#6« ¬"u
7D
7«  !D!! B   Cp!  #6F! R(D) 
 6#U
lD"EDFG#ALFG!DFG   CD!LN#¬"u
D
    
 6F!  £o
  CD!
º	F6#6F! D ÎAE  $0GCD
rÊÎ J~FGGGC6#6
 3  GGCD
º	CbD"EDFG# R 
"!C!  #6F!D
ª  	F#6F! D Î ¡ 




"C	Í¯ GF!³	C  C  









  GF!d6FG#6C 
  C	 D
 6CD
   GFGLFG#
uD
 R  CDF  6
   !  C	Í×	6#¬"u
 ªD
    
 F!º  GF  ED
 
"!    #6F  C
I  
" Cp6  !  
   #6#
"F G!  ED
 $MÇÎE\E%6
  #6F C
 6#D!  D
LÁ D   «





Î':³C  !¢# L  D
"C	ÍNF¬"u
É GF!6FG#6C 










  C  
I R,D Mª!!  	LF6FGED
  
 6#< 1 	FG
  C  CD!¼ N6#¬"u
iD






"CD  R ÎE  Cp!  #6F!SD"EDFG#< 	F#6F!S£o"6F $;
ª
     6F"# ³6CDFG£  !¢#
 
ÊÎ R(0) = +∞ Î
Ë	Î R(D) ≥ 0 
 6#7D  F  !#





 C!  #6F!  !¢#6FG!C









 M B  £o
  CD!~uD¬"
WD




"# CD! Á !  UEDFG!  FG
 Nu"#66F  C
 Á   #"6F ; ³CD!
  E  EDFGGFG# D
#6  !6FG#6F! p B  C!  #6F!SD"EDFG#< 	F6#6F!×Á
ÇÍ  6FGu
 ;   ¡ ?J	Ê `
R(D) =
{
h(p) − h(D), 6F 0 ≤ D ≤ min {p, 1 − p},
0, 6F D ≥ min {p, 1 − p}. I<ÊÎ Ëo	M
 £o






"#ÊÎ  ! 
 Á & CD!
¯ CD  
   C 6F
"!D!






i£  6F  !  








Lè :  B   C!  #6F! R(D) 
 6#D!D! 







6F 0 ≤ D ≤ σ2,
0, 6F D ≥ σ2. I<ÊÎ ËA@.M
  :     	 : 	














 Ô Y¥^ÊÎ J8   B?+$%*+!  ;*4 <(".& 7$ /C5($%9	/1*0219C$.*4!  R D  +,$%9C9C$.7("%&+D
B  % É+&5É%$&% ª$&)7% $&% U)7+&)7.
Em
    Go
ÉD
 Á !      #

É6F G!   B ED#
"!¢C  ¬ ,
    Go
&D
CD  
 B  C Á !  (D

#6  !6LF6F! I $0GCD
LÊÎGÊÁ.MÇÎ ¡ 
 #   
 D
    Go








  CD  # Go
"(
 ÚD!D! 










 Á !  3Î`èA!t
 =:
"# B 3   Go6FG#6«Du
 D
 D    Go
×D
 Á !   º    





 D!  !  
  CD,D"#
  #










Source Codage source Codage canal Canal Décodage canal Décodage source Destination
S X Y
 Ô Y¥^ÊÎGÊÁ83-   ! 9  9	/,& & *+,- !$%  /1$%*+! D
    '.    0   
èA!/ÊKJ@ B «  !D!!  u!¢#6   !uCD!rD
"C	ÍNF¬"u
¯#6« ¬"u
  Cm FG7






×3 FG!'Cp6  #6F! º#6  £o
" CD! Á !  ,ED6CDFG#  £o
  CD!
  E  EDFGGFG#

"6
"CD  6EDFG#6  FG
"u
"!¢#4C  FGED
   !	FG#6F!  C
É
ÉD"EDFG#D
É  #6  !6LF 6F!× FG#³FG!'C"6F
"CD














 6# YI $0GCD
 ÊÎGÊÁ.M B  uÁ; FG# C Ip





 6# D!D! 
 ; ³
  Í	FGCD D

ËÌ     





"# Y  CD#CD#
 ,
 F  6FGED
  X B FG#
C = max
p(X)
I(X;Y ) I<ÊÎ Ë	J.M
èA! ; 6#6F  CDGF
" B  CDCD! Á !  *EDFG!  FG
 Nu"#66F  C
 Á   #"6F ; &   E  EDFGGFG# D

#6  !6FG#6F! p B  &Á; FG#ª
 6# C = 1− h(p) ÎD/#6FG#6
 Cp6u
" B  &Á; FG# CD! Á !   ÉED6CDFG#ED  !  G  CF
"!  D	FG#6F CAIp8>    MlD
ªD
"!6FG#D









 6#A     Go
"CDYD
E  !D
,	C Á !  Q





 6#A  CDF   !  
u o
"!D!
	CS6F G!  m  !,CD!¯FG!¢#
"6£  G
D





E  C!  #6F!¯D
  6
  #6F! 
"6
"CD(IpC D    Go





















	C  N  Go
iD




   ND
   6
  #
"CD D   «  !¢#&
   




ª#6« 6F  C
D
«  !D!! I $DÍ	 
 ; 7  Á; FG# C M  £o
  CD!
    
ÇÍ	FG#4C  FGED
ÎèA! C  FG# B FG(
ÇÍNF#
ÉD
"C	Í G  !D
  C  LFGG
 D
  D










   D
  




 k EDFG#i FG!'C6  #6F!t
 6#  ND 
S  !iCD!ED  D
 n NE:
  (n > k) Î)E  D
"C	Í	F¬"u
W
 #  
"G
WD
   ND
   !£oGCD#6F!D!
"LCD#6FGGF  CD  #6  !LF6F!¼D
 &NE:
 É FG!'C6  #6F!  CDF  66FG£o
"!¢#L
"!¼"6F
   !#66C  #6CD
 







   6
  #






   
" Cp6  !  
     «
 D
   GFGLFG#
ªD
«  !D!! M   £oFG
   D
 l#6CD6E: 
"#Y
   ND
 
EmÖ ¡ IE^ @
"!6FG# ¯Ö  6FG#  ¡ «
  H0MÇÎ





"6C  F < á  ?J B á  JÌ





"   CD6F C,	6#"  #6F  C
  I ¡  :M  ! Á #"! ³
"! ;   G¬"










   !DF¬"
 FG#"  #6FG£o
Î Em
 D  D
"CDª#6CD6E:

 6#    D
D
"C	Í D  ND










D  N  Go

 6#,E  6CD73  «  !:Go
É FG!'C6  #6F! 
ÇÍN#66FG!¬  C

 CD! D  ND
"CDª3  CD#6
 <C  Cm  3ED#
"!#6F!¯D
   
" C6  !  
 YD 6FG 
 ÁÎ ¡ «   C
,D  ND
"CDÁ   CD
 
   E  EDFGGFG#   #
"6F6F4Ip ÖÚ#




EDFG#7 FG!'C6  #6F!mÎ0E\   Go6FG#6«Du
D
ªD  N  Go
ªCD#6FGGFª  !  «   C




 6#  
"GCDFÚD
ªá  «D    < á ¡ Ï¢ 1  D 
"   Go6FG#6«Du






"! ×³Ö Ip  Í	FGCD @ÖÚ6#
"6F6FMÇÎ   C   
"!¢#!³  !3  !D!
ÇÍ	
ª B  
D"6FG£  #6F!SD
 ,  C  #6F!7D
ª3   Go6FG#6«Du
É ÖÚÎ
Em
   ND
 7#6CD6E:i!# D
"£o
"!C³#6¬ ,FG  6#  !#  CD³ L #
  #6F! D
D!D! 
  #6  !<
LF
  ; ÚED    CD6# Ip¾!¢#
"6!
"# B ¡ × Ë B   Ö\Ö B ³×,
"!#6
  CD#6
  MÇÎ1ÖUCDA  CD#6
 D GF Á #6F! Ip
  ; 
FG!¢#  FG! B #" 	F =:C6F! B ÎGÎGÎ M B 
   D
  #6CD6EQ~=:







   
" C6  !  
 ÁÎA F =:"
"!#
     6F"# iD
   ND
 L#6CD6E:× !¢#CCD6!DF
 L  !L

GFG£N
  S I  Î
  :     	 : 	
	) (   Ëo
    0  ! 0   
Em
   D
 &E^ Ö ¡ !¢#`"#,D  CD£o
"6#`
"!SÊKJÌË ;    G  Go
"     ÌË  B     Ì  ÎoÖÚCD  GC
D
D"#  FG B !C7FG!¢£NFG#!7
ª
  #
"CD   !CDG#
",
GFG£N
     Ì	J Î
Em
   ND
  EmÖ ¡ !#YD
   ND
 *
"!WED   I n, k M B D  6FG# ; Y
"CD*  #66F  
D
 ; 6FG# H
"# C 
(G  «
    F  H  CDFU
 # D 
"É
"!  !:G  F  EDF ; 6#6FG#
  Î E    #66F  
 D
 ; 6FG#
H  CD!  D
 EmÖ ¡ EDFG!  FG
¯







"!6FG# MÇÎ;E    !DF¬"
³D!#Y
  Ê, !¢#Y ; 6#6FY  !*    #66F  
 H 




    !  u
  λ̃(x) 
"# ρ̃(x) ÎDEm
    N!  u
  λ̃(x) 
"# ρ̃(x) FG!	F  C
"!#Ú




  CD  
"!#  Go
 D
   !D!
 u
"#LD
  GF G!
 L  !     #66F  
 H  £o
  	F ="
"!¢#  FDLD
;  LLFG!:G IJ!ÉED
LD













     #66F  
ªD
 ; 6FG# H B !  








WÊ  !  «   C
&GF G!
 IpC  «   C
 !D!
 M !m







"ÁÎ*èA! Go"!"   B !dÕ  #6#
"!   
 Cm CD!  D
4EmÖ ¡ FG6 GCDGF
",  #6FGLFFG#  GC  











Î  #  !¢#D!D!  λ̃(x) 
"# ρ̃(x) B 
#  C	Í×	C  ND






"!  !¢# B  GC6F
"CD  ND




ªCD#6FGGF ,6CDFG£  !# 


























noeud de gauche noeud de droite
(b)(a)
H =
 Ô l¥mÊÎGÊÊ; *
(&      
	        0/C21$%& (& <  21$ /1 H    7    24<(&7$%<02C/1$ /1&1D
Em
 G  «DF  C
  EDF ; 6#6FG#
   CD!  ND
 EmÖ ¡ 
 6#CD!
&
   




  #66F  
 D




   
"!# 
 ; ÉCD! ! C9G  C  «
 IpD F G!; ³! C×D
(G  C  «
 C  EDFG# !D
  M,
"#  «   C
ÉGF G!
 ; ³CD!! C u	FG#
9IpD 6F G! ; 
ËA@     
! C×D
	FG#
&C   «
  H !ND
  M7  !³
(G  «
  EDF ; 6#6FG#
  Î:^C³
 ,! CD D
G  C  «

!#&LF   ! CD!
  !D!
Î :³C  !¢#  C	Í~! CD&D
 	FG#
 B FGL!#&LF   !&CD!
  CD#6
 !D!
 ;   G¬"
     
"LF¬"
 I  
"G
 D
G  C  «
 MÇÎ`ÖUCD  «   C
¼Ê   !u    #66F  
SD
; 6FG# H B CD!
 ED  !  «
 
"GF
"  CD!~! C¸D
9G  C  «
  £o
   !  6
   !  !#iD
 	FG#
Î@ !¸D 6F G!
 ; uD
 G  CD!¸! C
W!ED
 D
WED  !  «
   !D!
  # 





G  «DF  C
  EDF ; 6#6FG#
 W CD!  ND
+E^ Ö ¡ 
 #CD#6FGGFW  !&
    
 6C&D
 D  N  Go
Î Em
  ND




   D
 ^




Y«  !D!!  CD^CD!Á !  FG  C6F
"!   JÌ  B  ¡ >(  	Ê Î ,!S
ÇÍD
"  
& CD!  ND
EmÖ ¡ IÌ B Ë.M  £o






  EDF ; 6#6FG#
   6
   !  !# 
 #FGGGC6#6'&  $0GCD
uÊÎGÊÊÎ
B  &=8 # %?$&%ª.%  5)7+	 7.  
  !É  #6« 6F
WD
u3 FG!'C6  #6F!¼FG!#6	CDFG#
 ;  «  !D!! B FG*
 #  !D!¢C  C
u
u#  C	Í
LFG!DFG    CD    
 
"¯  !  
"6#
D
"C	Í  CD  
   6" 
 ¯
"# 	F  ¬"#




  ! 6FG!¢#
 H(X,Y ) ÎÖÚCDÁ D   «
"D
  
,#  C	Í B 
 YD
"C	ÍiCD  
 * !¢#  D 
 
"#lD  D 
   ! 6FG!¢#
"u
"!¢#ÁÎ;èA!×ÊKJo B 
  F  !	?>  C  3>  !¢#"#
"!	C  
, CDG#  #  C Á 
D
 7CD  
   6" 
   CDFm!¢#  D 
 FG!D  
"!  Lu
"!¢#   F,D  ND 















 Ô l¥mÊÎGÊÁË8 *
4?4& (& (&B 9C*+ 21&9G*42C21B".B&9D
¡ !6FD"! D
"C	Í CD  
   6" 
 É
"#&	F  ¬"#
  < "<* < !# 
  X 
"# Y ÎUCD  $0GCD
ÊÎGÊÁË B !   
"!#
º
 ºÊÁÌ Á   6FGED
   CD¯
   ND
" 
"# D  D
" 
"! 




"CD S1 B S2 B S3 
"# S4 D 6F G!  ; 
  C  	6C  






 Si B i = 1, 2, 3, 4 B  
"   6FG!! ~ÊÎFEm
W#  ED
  C ÊÎGÊ   





  F  !	?>  C  6
   !  !¢#   «  CD!bD
  ÊÁÌ Á ÁÎ
E\ FG!#
"66C  #
"CD Si = ÍSFG!	F  C
  Cm FGU




"6u ICbÊ MÇÎ(èA!    F  #6F!  £o
  
 #  ED
  CbÊÎGÊ B   $0GCD
ºÊÎGÊÁ×FGGGC#6
 
   GF!uD
¯D"EDFG#
LFG!DFGCDu  	LF6FGED
  R CDFG£  !#ª3"#  #D
 FG!¢#
"66C  #




 L#6« 6F  C
 LD
  #6« ¬"u
 iD
 









	   (  	 Ë	J
 




 7	C #  ED
  C ÊÎGÊÎ;E^









"#3GÉ	C #  ED













&   GF! R CD,!m FG  6#
  C
" Á  IJ
 ÊÁÌ Á $MÇÎ





 "EDFG##6« 6F  C
   #6#
"F G!  ED
  
"!   $0GCD
iÊÎGÊÁË 
"!   $0GCD
uÊÎGÊÁ
FGm
 6#!  
    FG
  C

1ÍÍNÍ  RX ≥ H(X|Y )ÍD1ÍNÍ á RY ≥ H(Y |X)ÍÍ1Í ¡ RY ≥ H(Y )ÍÍNÍD  RX ≥ H(X)ÍNÍÍNÍ è RX + RY ≥ H(X,Y )FGm
 6#7C i  !¢#  C

ÊÇÍÍÊ  RX = 0 RY = H(X,Y ) + ξxyÍ:ÊÊÇÍ E RX = H(X,Y ) + ξxy RY = 0ÍÍÊÇÍ  RX = H(X) + ξx RY = H(Y |X) + ξyÍÍNÍ:Ê  RX = H(X|Y ) + ξx RY = H(Y ) + ξyÍNÍÍNÍ 
 RX = H(X) + ξx RY = H(Y ) + ξy
ξx, ξy, ξxy > 0EDFG#,D
E:CD6  Go

ÍNÍÍNÍ C (RX , RY ) ∈ R ⇒ (RX + δx, RY + δy) ∈ R
δx, δy ≥ 0; 6#  Go
	CS#
"  
ÍNÍÍNÍ G (RX , RY ) ∈ R B (R′X , R′Y ) ∈ R 
"#
RX + RY = H(X,Y ) 
"# R′X + R′Y = H(X,Y )D!  (R′′X , R′′Y ) ∈ R B
R′′X = λRX + (1 − λ)R′X
B
R′′Y = λRY + (1 − λ)R′Y
B
0 ≤ λ ≤ 1
ÖUCDY
 Á `	C  C  	6C  
&ÊÁ	ÊÊ,
"#Y6CDFG£  !¢#Y
 `"#  #Y	Ci#  ED







 D GF  C ÁÎ	Ú£o
  á 
"#è B    GF!¯D




"CD# ; lFG!  GCD

   Á!
   C	 D
  CD
 lGF G!
 l    C 
  ; át
"#è¸6CDl  $0GCD
ÊÎGÊÁ	Î:Em
   C  #6
  FG!#  B  B ¯
"#





  FG!#  C	 D
  6C`D
  6CD\3  ÍD








"!#   (D




   FG!#  
"#  C  FG# ; 6#6F
 D
   GF! R Î!E $0GCD
uÊÎGÊ"uFGGGC6#6
   GF! R  6
   !  !¢#
  C Á ÊÁ	ÊÊÎ¡ !6FD"  !#7  FG!¢#
"!  !# B 
 Á 7	ÊÊ  CDF  6





!¢#  D 
 mFG!D  
"!  Lu
"!#U  FÚD  D 





  X 
"# Y !#





























 Ô l¥mÊÎGÊ"   G?4$.*4! (&B9 7$ /19 ,$%!$%  (,9  ; 09   +D
   :  
	   (  	 	Ê
	F  !DFGED





"# Y  £o
  CD!×#  C	Í×
"6




  F  !	?>  CÚu!¢#6
  C
³








  ! <FG!#
 H(X,Y )  £o
  
RX ≥ H(X|Y ) I<ÊÎ 	Ê M
RY ≥ H(Y |X) I<ÊÎ Ë.M










 Ô l¥mÊÎGÊKL8  G?4$.*4! (&B9 (7($%/19 ,$%!$%- ,9  49    +D
E   GF!dD
 iD"EDFG#iLFG!DFGCDu  	LF6FGED








  C/ÊÎGÊ ; L
  #6« ¬"u
 u á è  
Î(Ö    !   C
"!# B    GF! R !
 
"CD# ;   !¢#
"!DFG 
   Á!
 &,G  C  «
SD
¯  GF G!
S !DF  
"G





"#&è 6CDÉ  $0GCD
×ÊÎGÊÁ	ÎEm
   FG!¢#  B ¼
"#É






"!#    YD
i  $0GCD
×ÊÎGÊÁ9C  FG# ; 6#6F
WD
u   GF! R Î)E  $0GCD
×ÊÎGÊKLSu!¢#6
   GF!tD
 WD"EDFG#WLFG!DFGCDu  	LF6FGED




  X 
"# Y !¢# D 
   ; "u
"!¢#,
"#D  ND 







  B «6F  Á!¢#  
 

"#	F  Go!  
   6
   !D
"!¢#É
   
  #6FG£o
"u
"!# B  C	Í×  C  #6F!I<ÊÎ 	Ê M B I<ÊÎ Ë.M
"# I<ÊÎ .M  CDF








 7D"EDFG#,LFG!DFGCDu  	LF6FGED
  RX 
"# RY ÎÖA
"!!,3"#  # S1 = 0 B S2 = 0 B S3 = 0 
"# S4 = 1 I  
 6#< 1 	FG

  C  	6C  
	Ê M  CDF





  N  Go
ª	F6#66FGEDC  £o





!¢#  ND 
  ; "u
"!#&  F&D  ND 
   ! 6FG!¢#
"u
"!# I Y 






"CD (MÇÎmÖÚCD&CD!w#  C	Íw
"6




  F  !	?>  C
Ë     
  
"!#  Cu#  ED
  C ÊÎGÊ $DÍD
7
#  C	ÍLLFG!DFG   R = RX +RY ≥ H(X,Y )  CD    
 
" CD!




  X 
"# Y  £o
  
 X DFG# 
"#6
    






 B  
 #< 1	FG
 RX = H(X|Y ) + ξX
t
"# B Y DFG# 
"#6





   FG#6FG£o
 ÁÎ;CDFG£  !#,
#  ED
  C~ÊÎGÊ B 
 #6« ¬"u
 ,á ¡ èr¯
ªD"#
"6LFG!
"!¢#³   GF!SD
 7D"EDFG#LFG!DFGÉCDu  #6#
"F G!  ED
  R 	C Á ,	ÊÎ0E^
 
 Á!
   G  C  «
,D
l  GF G!
 
"#  C	 D
 C\D
Y  GF G!
 ¡ D
l  $0GCD
ªÊÎGÊÁ !m D; 6#6F
"!D!
"!¢#;  7   GF! R ÎDEm
  FG!#(  6
   !  !¢# ,  GFGLFG#
Y#6« 6F  C
l	C&#  C	Í&D
    
 F! 	LF6FGED
,
 6#\  ! R ÎÚ£o
  
#6« ¬"u
 C B #CA
   FG!¢#  CDF!#  C	 D
 C*D








   GF! R Î E  $0GCD
,ÊÎGÊÁÌFGGGC6#6
A   GF!&D
 D"EDFG#ªLFG!DFGÉCDu  #6#
"F G!  ED
  R 	C 	6#¬"u
  6





"C	Í CD  
 !#  D 
 YFG!D  
"!  Lu
"!¢#7  FD  ND 







"!# Y 	F  !DFGED
  C	Í¯D











 Ô l¥mÊÎGÊÁÌA  G?4$.*4! (&B9 7$ /19 ,$%!$%  (,9  ; 09     +D





  F  !	?>  C I Á ³	C  C  	6C  
&	Ê M  "#Go"!"  GF  C Á ³D
 
CD  
   6" 
  £  
"CD  !¢#6FG!C
  ;  > N!
"<DCFG£  > CÌ  Î ¡ !6FD"! X 
"# Y D
"C	ÍCD  
   6" 
  ª£  
"CD  !¢#6FG!¢C
 ÕÎ;E  CD  
 Y 












  !6#6FG#6C 
 X̂ IJ3
 #6FG  #6F!wD

   :  
	       
X MÇÎA³ B  C
"7
 6# 
 D"EDFG#LLFG!DFG  7!  
   FG
  CD  ND
" X C    !¢#6  FG!#
  C
  	F6#6F!×u o
"!D!
 d(X, X̂) D
 X 
 6# D 
"#  C
3 FG!'C6  #6F!ºD
&EQ Y 




"!¢#  CD  ND
"CD9E    ! 
   
"#6#
  C
 6#6F!  "#CCD6!DF
 ;  > N!
"<DCFG£w
"!
ÊKJoÌ  > CÌ Î¡ !6FD"!   $0GCD




  N  Go
 D
W  CD  
 X £o
  CD!
FG!'Cp6  #6F! D


























RX|Y (D) ouDébit RX ≥
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Entrelaceur aléatoire: 105, total des bits simulés: 107
 
 
Borne théorique de Wyner−Ziv pour 1.66 bits/symbole
CSD−TCQ: Distorsion mesurée pour 1.66 bits/symbole
CSD−QU: Distorsion mesurée pour 1.66 bits/symbole
Borne théorique de Wyner−Ziv pour 1.5 bits/symbole
CSD−TCQ: Distorsion mesurée pour 1.5 bits/symbole
CSD−QU: Distorsion mesurée pour 1.5 bits/symbole
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Q. Lloyd−Max, 1 bit/symbole, Entrelaceur aléa.: 105, Nbre des symboles simulés: 107
 
 
Limite de Wyner−Ziv: q=0
Distortion réelle: q=0
Limite de Wyner−Ziv: q=0.01
Distortion réelle: q=0.01
Limite de Wyner−Ziv: q=0.02
Distortion réelle: q=0.02
Limite de Wyner−Ziv: q=0.03
Distortion réelle: q=0.03
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 6# Ŷ = a0Z + b0YQ  £o






b0 = 1 − a0 





ÎUNFG# X̂ = aŶ + bZ + cXQ 3
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Ö    !  C









(DX ) − ε
IJÎ L M
JA@      
èA# $!  
"u
"!¢# B   Cp!  #6F!SD"EDFG#< 	F#6F!D
   CD  









σ2 + DY + DZ
DX
+ ε) IJÎ L	L.M
ÖUCD³D
 £  
"CD7D
 DZ #6¬  C  FGED






















   >@=A9 É.6-)l-9b$&%?9;5%# É.)-5 7+
  !l#CD#
 l
 6FGÉCD  #6F!  GF 
   !  
"#6#
 ; 6#6F
 B !C  £o!lCD#6FGGF ³CD!  ND
"CD¡   D




  !#6  FG!¢#
 K = 5 
"#7D
    N!  u
 AGo"!"  #
"CD
(h0 = 33, h1 = 23, h2 = 35) 
"# (h0 = 27, h1 = 23, h2 = 35) 




Á ³EDFG!  FG
É
"# 






"CD    #FG
&
 6# D
 ∼ 105 Î!Em
  6CDG#  #lD
,FGCD  #6F!¯!¢#YED#
"!¢C  £o
  100 #6  u
  B  
 6#< 1 	FG
  C ##   107 NE:
 6FGÉCD ÁÎ0E\   Go6FG#6«Du
&D
ªD    Go
CD#6FGGF
 6#
× Ö Ip  Í	FGCD @ÖU6#
"6F6FMÇÎ@ !¯D 6F G!
 ;  X B Y 
"# Z 
 Y#6FlCD  
   6" 
 4IJEDFG!  FG
 C   C6F
"!D!
 $M  CD
 	6#¬"u
 D
  N  Go
 ¡ N³¾	Î`NF




   6" 
   CD 
	6#¬"u
 ¡ N,¾Ë B  £o
  T 
 6F G!    6FG!  F ; 3Î @ !   ; 
&F  F B 
   










   £o
  ¡ N³¾Ë	Î








 `EDFG!  FG





 6# uD"GF  
 ;     E  EDFGGFG# D
É#6  !FG#6F! q1 Î!E  CD  
 T 




 6#7#6  !LF
 L ! #  C	Í 
"!¢#6  F  C
 IpFG# 1 : 1 MÇÎ;  !,
 $0GCD





    Go
 ¡ N,¾uD
#6F, CD  
 7EDFG!  FG
   6" 
  B 
ª#  C	Í D
    
  6F! CD Y 
 6#LF' 2 : 1 Î E   CD  
 Z 
 6##6  !6LF 
&WCD!º#  C	Í  G     ! 
"!#6  F
 B FG#









   ! L GFGLFG#
iD
  









 ¡ N³¾Ë  £o
  CD!
#  C	Í D
    




 Y#  C	ÍD










 6##6  !6LF 
' !¯#  C	Í





    
 6F! 2 : 1 IJ  GFGLFG#
*#6« 6F  C
*
 6#U	Î L.MmD
 ^CD  
  X 
"#
Y
B   $0GCD
lÎ Ì u!#6
  C






   
" C6  !  




 6# G   S	Î ¢Ë¢Ë EDFG# B FG#u
"FGG
"CD&D





 H(T |W ) M B  £o
  CD!
  6"  #6F!  GC5C  FGED
I p1 = 0.0861 B p2 = 0.09 
"#
p3 = 0.136
 CD ¡ N³¾u
"# q1 = 0.0861  CD ¡ N³¾Ë.MÇÎ ¡ 
  
"!  !# B 




   
  #6FG£o
"u
"!¢# R3 = RX + RY + RZ = 0.5 + 0.5 + 1 = 2 
"#
   
     	      	
 J	J
R2 = RT + RW = 0.5 + 1 = 1.5 EDFG#ÁÎ ¡ 
  CDF  6
   ! iCD!ºD"EDFG# u o





  CD ¡ N³¾ 
"#&D
 	Î L EDFG# CD  



















 &#  C	ÍwD
    
 6F!  GCÉ"
"£o  B   $0GCD
iÎ    ; 
W
   





 Á lËÉCD  
  I ¡ N³¾Ë  £o
  T    
  
  3 : 1 
"# W  1 : 1 M\
"#Y
 Á lÉCD  
  X 
 #    
  
' 3 : 1 B Y  2 : 1 








 D   «
"l  £  !¢#  Go
 D
7  EQ6!
,#6« 6F  C
 	Î   CD*CD!
  6"  #6F!  GC
C  FGED
 I p1 = 0.0861 
"# p2 = p3 = 0.073   ! ¡ N³¾  CiGF
"C D
 q1 = 0.0466   ! ¡ N³¾Ë.MÇÎ¡ N³¾  CD! G  FG!~D
 	Î  LSEDFG# ; É D 6# ¡ N³¾Ë IJ
iD"EDFG# H(X|Y,Z) 





 H(T |W ) = 0.2717 EDFG# MÇÎ0Em
D"EDFG#³u o





	Î ÌÌÌ EDFG#  CD  
ª




  ¡ N³¾L
"# ¡ N³¾Ë	Î












 #  C	Í D
    
 6F!  Lu
ª3 FG!	F  C
  $0GCD
ªÎ @ IJ#  C	Í¯D
    
 6F! 6 : 1  CD
 7CD  




 6#< 1 	FG
CD!
GFGLFG#









	F6#  !  
  £o
    GFGLFG#
 #6« 6F  C
 B D
 ¡ N³¾ ; W D 6#  ¡ N³¾Ë
I H(X|Y,Z) = 0.1371 EDFG#l  ! ¡ N³¾É
"# H(T |W ) = 0.1207 EDFG#l  ! ¡ N³¾Ë.M  £o
  CD!
C  FGED





  CD  
  I p1 = 0.0861 
"# p2 = p3 = 0.0489   !¡ N³¾  !¢#6
 q1 = 0.0164   ! ¡ N,¾Ë.MÇÎ'Em
D"EDFG#u o
"! ; l CD  
 ED#
"!C  £o





 ¡ N³¾ËI	Î L	L EDFG# CD  
  CD ¡ N³¾W
"#ª	Î LA@uEDFG# CD  
  CD¡ N³¾Ë.MÇÎ
















































 Ôl¥`Î Ì'  0   &2C21& (27($.!4$ 21&         (&B9 9  9	/,&9,&;*
(4?+& (&;9C*4 (21&B9($%9	/C21$%7 B&9    5  &B/
   5    "%& /4 =(& *4,<(21&9C9C$%*4!A&9	/ & 2 : 1 <>*4 (2 X &B/ Y (4!9    5   &/ 4!(9    5  "%& /4 8&B9	/ (&
2 : 1 <>*+ 2 T D   !*
&,/1 (217>* <>*+$%!*+!(! (*4!
/ "%&*
(&B (2-"%,&!:/4$ 21&,&9	/ (&,/4       (&"%*+!(?+ &B (2 (&
*4!:/C24$%!:/1& K = 5 &/ /4$%"%".&  &B!
/C21&B" 0& 2  105 -B/1  (/1$%"%$%9C+D G /1*4/0" 107 7$ /19 9C*+!:/ 9C$%  ("%9D
ÊÁ      


















































CSD−2: taux 3:1 pour T
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CSD−2: taux 6:1 pour T
CSD−3: taux 6:1 pour X et Y
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′ =0.0095, Débit 1 bit/s pour X et T, Nbre des symboles simulés: 107
 
 
CSD−2: 4 bits/s pour W
CSD−3: 2/3 bit/s pour Y
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′ =0.0095, Débit 1 bit/s pour X et T, Nbre des symboles simulés: 107
 
 
CSD−2: 4 bits/s pour W
CSD−3: 2/3 bit/s pour Y
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′ =0.0095, Nbre des symboles simulés: 107
 
 
CSD−2: 2/3 bit/s pour T et 4 bits/s pour W
CSD−3: 2/3 bit/s pour X et Y
CSD−2: 0.5 bit/s pour T et 4 bits/s pour W
CSD−3: 0.5 bit/s pour X et 2/3 bit/s pour Y
CSD−2: 0.4 bit/s pour T et 4 bits/s pour W
CSD−3: 0.4 bit/s pour X et 2/3 bit/s pour Y
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′ =0.0095, Nbre des symboles simulés: 107
 
 
CSD−2: 2/3 bit/s pour T et 4 bits/s pour W
CSD−3: 2/3 bit/s pour X et Y
CSD−2: 0.5 bit/s pour T et 4 bits/s pour W
CSD−3: 0.5 bit/s pour X et 2/3 bit/s pour Y
CSD−2: 0.4 bit/s pour T et 4 bits/s pour W
CSD−3: 0.4 bit/s pour X et 2/3 bit/s pour Y
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=0.0039, Nbre des symboles simulés: 107
 
 
CSD−2: 1 bit/s pour T 
CSD−3: 1 bit/s pour X et 2/3 bit/s pour Y































Distorsion théorique: CSD−2 avec 1 bit/s pour T
Distorsion mesurée: CSD−2 avec 1 bit/s pour T 
Distorsion théorique: DSC−3 avec 1 bit/s pour X et 2/3 bit/s pour Y
Distosion mesurée: DSC−3 1 avec bit/s pour X et 2/3 bit/s pour Y 
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CSNR(T,W) ou CSNR(X,Y,Z) (dB)             











=0.0039, Nbre des symboles simulés: 107
 
 
CSD−2: 2/3 bit/s pour T
CSD−3: 2/3 bit/s pour X et Y






CSNR(T,W) ou CSNR(X,Y,Z) (dB)            




























Distorsion théorique: CSD−2 avec 2/3 bit/s pour T
Distorsion mesurée: CSD−2 avec 2/3 bit/s pour T
Distorsion théorique: DSC−3 avec 2/3 bit/s pour X et Y
Distorsion mesurée: DSC−3 2/3 avec bit/s pour X et Y
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′ =0.0095, Nbre des symboles simulés: 107
 
 
CSD−2: 1 bit/s pour T et 4 bits/s pour W
CSD−3: 1 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
CSD−2: 2/3 bit/s pour T et 4 bits/s pour W
CSD−3: 2/3 bit/s pour X et Y et 5 bit/s pour Z
CSD−2: 0.5 bit/s pour T et 4 bits/s pour W
CSD−3: 0.5 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
CSD−2: 0.4 bit/s pour T et 4 bits/s pour W
CSD−3: 0.4 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
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′ =0.0095, Nbre des symboles simulés: 107
 
 
CSD−2: 1 bit/s pour T et 4 bits/s pour W
CSD−3: 1 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
CSD−2: 2/3 bit/s pour T et 4 bits/s pour W
CSD−3: 2/3 bit/s pour X et Y et 5 bit/s pour Z
CSD−2: 0.5 bit/s pour T et 4 bits/s pour W
CSD−3: 0.5 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
CSD−2: 0.4 bit/s pour T et 4 bits/s pour W
CSD−3: 0.4 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
 Ôl¥	ÎGÊ$@=  $%9	/1*4219C$%*+!;,*  &!!(& ,&9C 21& &9 9  9	/,&9 (& *
(4?4& ($%9	/C21$%7 (    5   &B/    5   @& (&9
9C*4 (21&9   0 9C9C$%&!(!&9  "%&9 7$ /19 & Y &B/ & Z 0!9    5  ,&B/ (& W (4!(9    5  9C*+!:/ 21&9C<>&BB/1$%@&,&!:/
    7$ /  9   7($ /19  09G&B/   7$ /19   9  D′Y = D′W = 0.0095 D
ÊÁA@      
D
 uD"EDFG#Lu o
"! ; uCD  
¯D
 iN#¬"u
  ¡ N,¾ 
"# ¡ N,¾Ë  CDu	F ="
"!¢#u#  C	Í¸D
   
 6F! D
 ª CD  




"# Z   ! ¡ N³¾ 
"# W   ! ¡ N³¾Ë!#





EDFG#  B L EDFG# 
"# EDFG# $MÇÎ @ ! 
















  ¡ N³¾Ë	Î^Ö   !  C




"CD  23 EDFG#  B !!¯
"CD
"u
"!#7!  CD! G  FG!
"!  6"  #6F!  F  C6F  C !DFG£o
  C	C¯#  C	Í¯D
    
  6F!mÎ
ÖUCD¯CD!©#  C	ÍtD




















  CD ¡ N³
 ;  D 6#' ¡ N³¾Ë.M B 
 ªD"EDFG#u o










"C	Í   ! ¡ N³¾Ë	Î

 ÛÚ¥mÎGÊ=  - '  #=- * # * K#5 -	 :#'5# -	/   -  67/ #	D             <
 # *K# *  Y   Z *.:#        *  W *.:#      # -!&$# := 7 23
#7#$%




 T D"EDFG#7u o
"! ; ,CD  
 D"EDFG#7u o
"! ; 7CD  

"!¯EDFG#    ! ¡ N³¾L
"!¯EDFG# CD  
   ! ¡ N³¾ËL
"!SEDFG# CD  

Ê Ë	Î ËËË Ë	Î L
Ë   Ë	ÎGÊÊÊ Ë	Î 
	Î L Ë	Î 	L	L Ë	Î Ë	L
	Î  Ë	Î ËË Ë	Î Ë
     7+ Ú.&9;5%7+
  C  £o!   
"!¢#Y  !  
  «  FG#6
Y
 U  «"  UD
    Go
*	F6#66FGEDC*D
*#6FUCD  
  6" 
 YEDFG!  FG
 *C   C6F
"!D!
 *CD#6FGGF  !#*CD!  D
,#6CD6EQ  FG! !D!Î;E\
ÇÍ	#
"!6F!  C Á 
D
#6FW CD  





   
"  
  #6FG£o






  !³CD!  
"LF
" #
"   B CD!
Go"!"  GF  #6F!×	C#6« ¬"u
ÉD
 
  F  !	?>  C  C Á  D

#6F` CD  
   6" 
 \EDFG!  FG
   "#   
"!# 
Î¢ ; 6#6FG`D




  «D!DF  C
&	C    Go
É	F6#66FGEDCD
#6F³CD  
 ,EDFG!  FG
  B !C  £o!³u!¢#6  C








i ¯   
 6F!¼D
 CD  
   £o
  D
   6"  #6F! GC8C  FGED
   C























  !lCD! D
"C	ÍNF¬"u
#






"<DCFG£  C Á lD
 #6F
CD  
   6" 
 *
"#   C6F
"!D!
   £o
  CD!
lFG!'C6  #6F!iD
E: ;  C  FG#
(I Z 
 6#(!!  C  !	#6F $; 
 MC ; 6#6F
"G
 I Z 
 6#  C  !#6F $; 
 M7!#³"#   
"!¢# 
 ÁÎQÖUCD D
 ?C  FGED
  	F6#6F! D

Z   !uCD!d  «"  D
  N  Go
 	F6#66FGEDC  £o
    CD  
   C  !¢#6F $; 
  B   Cp!  #6F! D"EDFG#<	F6#6F!
 6#7 G  
'  
"G
	CS  «"  D





"# Y !#  C  !¢#6F $; 
 ÁÎÖUCDLD
 ÉCD  
    C 6F
"!D!
   £o
  Z !!  C  !¢#6F $; 
 B 3 FG ; # D
i  	F6#6F!~FG!	#6N	CDFG#
 ; &   C  !¢#6F $ Á #6F! D




   
" Cp6  !  
 iD"EDFG#<
  
 1  	
 ÊÁ	J
	F6#6F!b	Cb6F G!    6FG!  F ; +I X M  "# "£  GCÎÖÚCDS
   
"u
 ¯D"EDFG# 
"#    
"u
¡ 6
"  #6F!	    B !C  £o! u!#6  C
 D
   
" C6  !  
 ¯"
"£o 








 *£  
"CDYD
³	F#6F!  GC3C  FGED
   CD`
,F G!    6FG!  F ;  X M  £o
  CD!  ND
"CD	F6#66FGEDC¯D
 #6FLCD  





   C
  
"G
 L  !&
 Á  D







   £o
  FG!'Cp6  #6F!dD
 E: ; 6#6F
"G




ªD"EDFG#< 	F6#6F! B D
3 FG!'C6  #6F!SD
 E: CD#6FGGF  
  CD7D  ND
"l








    Go
	F6#66FGEDC  £o
  #6F7CD  
 ÁÎ
³!¼  «"  D
    Go
W	F6#66FGEDC  £o
  #6F&CD  
    C6F
"!D!







 <  F¢!#  C  !¢#6F $; 
 ÁÎ Em
 mFG!'C6  #6F!ÚD
(E:  !  




CF B  CDiD









" C6  !  
 WD"EDFG#< 	F6#6F! D
   CD  





   £o




 Y Z 
 6#*!!  C  !¢#6F $; 
Î;Em
   «"  D
  N  Go
 	F6#66FGEDC  £o
  #6FCD  
    C6F
"!D!
   C  !#6F $; 
  B !C   
"6LF "£  GC
"i
D"EDFG#iu o
"! ; WCD  
Î
  !,CD!S N6#¬"u
  #6F CD  
    C 6F
"!D!
  B 
ÉD"EDFG#,u o














 É  «"   D
  N  Go
i	F#66FGEDC D
i#6FCD  
   6" 
 EDFG!  FG
  C   C<
6F
"!D!
  B !C  £o!^
"    C  C
  GC^
`#  C	ÍÉD









   
" Cp6  !  
  ; 7 D 6#  C Á 7D
ªD
"C	Í CD  
 ÁÎ
ÊÊÁ      
  	
  
                M 
   "  











   !D! 
   B 
¯!m
 6#  C







 i  GF  #6F!    #6F  C
  Ip GCD#6F!
C  F  ED
 $Mu	C  N  Go










 É  «"  ÉD
  N  Go
u£NFD     #   C	ÍD GF Á #6F!D
  LÉCD!DF Á #6F!¼  	F3uEDFG


















"!# B ³EDC6# B
«6G«    
  6F! B N!	u
Ç3E  
 uCDG#6FGu
 	F  N	FG!:G M  "#     
 ; \ÖACD6F;
"#\    «  !	  ! Ö`³Ë B Ö\    B Ö`³E   CDY  #6  !6LF 6F!¯D
CDG#6FGu 	F  6CDl
 Y 
  C	Í
  ! $^
"!SCD#6FGGF  !¢# D
 7N!	u
 ÁÎ0Em
ªEDCD#  6FG!  F ; ÚD
  
"#6#





  C  FGED




	C  N  Go
7D
 (FG  Go
 `
"!LuND




    
 6F!D








   ND
 Ú#6CD6E: B   ! B C«  !:G
"#  FGBC  Ë 	!#   
"!#l
 
 6CDG#  #` CD!  ND
"CD\£NFD CD#6FGGF  !¢#`CD!u  «"  D
    Go

"!LuND
 !#6  
"#\D







 ,FG  Go
 ³!¢#³FG!D  
"!  Lu
"!#  ND 
 7  F³!¢#  ! <FG!#
Ç
u
"!¢#D  ND 
 ÁÎmè\!wË B C«¢C B   ! 
"#  FGN  CQ  `!#    uCD!
 D   «
u	C   Go
É£NFD i	F6#66FGEDC!LE   




     
  6F! C
   Go
 Á u
"    6  	  Î  !  
"#6#
 GCD#6F! B D
  £NC
 ³ÉCDG#6F  
 
"#  6" 
 ª CD!




"!¢#  D 
   £o
  CD!  ND
"CD7D
 > N!




!¢#  ! 6FG!¢#
"u
"!#D  ND 
 'uCD!º! C  
"!#6  3Î8C«¢C    < !¢#
 =
  #6CL  ! CQ  
CD!
   ;   F!ºD
  














  N  Go
ÉCD#6FGGF  !¢#ª  !6u
LÏoÖ\è  ¾Ë	Î Em
  6CDG#  #ªD"u!#6
"!¢#  C
 CD\D
 AD"EDFG#C  FGED
  B   GCD#6F!   
"!¢# 
 ;  C«C  )	 <  #6#
"FG!¢#`D





   C
ÉÏoÖ`è  ¾Ë  £o
  CD!
    
ÇÍ	FG#&D











"  C  CQ    Î
èA!bË B   ! B   !
 B N
"#6#! 
"#  FG     ª!¢#     SCD!




ÊÊÁË      

"ÉED  ED
   
"G
¯D
  C  Ë,
"!¸CD#6FGGF  !#u  #6  ! C6u 
 
"!  6FG!¢C 	F  ¬"#
 Ip ¡  
 F  
"#
 ¡ 6FG!
Lm  ! Cp6+MÇÎ Em
  CDG#  #ªED#
"!¢C  £o
    !CD£o
"G
L GCD#6F! D









  N  Go
 ; ³ D 6#   
"C	Í D
  C  Ë AI  C  D#
 CD!





  C  N  Go
     F    #6  ! C6u 




  N  Go
l£NFD ª	F6#66FGEDC  £o
  CD!
 C  FGED
    
ÇÍ	FG# 3
"!  ND
"CD "#     
 ; &  ! B   !
 





    6CDG#  !¢#	C    
 6CD
    Go
uD
 FG  Go




 G  
"u
"!¢#*D
 (FG!'Cp6  #6F!\C D "u
"!¢#  FG
 `CDU3 FG  Go
  CD  !#





ª & «   





èA!SË B   !
 B   ! 
"#  FG ³   ^!¢#   
"!¢#ªCD!
  CD#6
 D   «




Y  #6  !6LFF! D
 UFG  Go














   ED#
"!C  ¬ W
  N  Go




×#6  !6LF6F!© CD! Á !  ED6CDFG#Î  !  
 Á  B 
 W 
"u
  FG  Go
 W !¢#  D 
  w 
CF  £o
  CD!  ND
"CDL£FD  	F6#66FGEDC 




"CDuÖ\è    !
,   MÇÎ8E^





"!¢#¯  ! CD! Á !  ED6CDFG#ÎAEm











 7FG  Go
   D 
 ÕÎ ¡ 
"#6#







 D GF Á #6F!×D
    Go
N#"  #6F  C
ªCD  




"!¢# B FG   D
"C	Í  6FG!  F ; C	Í¼
  #
"CD& FG!¢#" 
"#  C    Go
i£FD 	F<
#66FGEDC B   C  FGED





W  !      





º  #6  !6LF6F! I  Lu
¼  ! Ö\ Ë  B Ö\³   B Ö\³E 
"# ³   MÇÎ
èA!    #6F  C
 B 
   D
"CD£NFD ¯	F6#66FGEDC ª!#ªCD#6FGGF ª  !D





" I  C  Ë  B ³BC    B ª    B  ,,   M¯
"#D  FG!
 #6  ! C6u
I Ö\ Ë B ,    B       B    *
"#  N MÇÎÚÖÚCD  u"GF
"&
   
" Cp6  !  
  D

D  N  Go
 B  
"6#  FG!  «"  D






"#CDÁÎ:Ö   !  C
"!¢# B !C    !*
 lGCD#6F!     
 Y
"! D
"C	Í    





"#CD BC  Ë 	
"#(GCD#6F!   !^£oF
lD
*
"#CD Ö`³Ë Î  !  
  «  FG#6




  D   «
 ÁÎ
   






 6C   
 6F!b FG  Go




 SFG  Go
 
6C   
 FG£o




   6"  #6F! D 
" 








   F§ÍD
"&£oF6FG! !¢#  6" ÁÎ ¡ 
"#6#
  6"  #6F!r
 6# D 
" 
  6"  #6F!
 ; #6F  
Î'Em
  6FG!  F  
	C  N  Go
 £FD  
³E  
6CDl3"GFGLFG!  #6F! D
   









  FG  Go
 ª6C   
 6FG£o
  CD!
   C
"!  
&£FD DÎ:ÖUCDª
  N  Go
 B «   C
ÉFG  Go






" ³  3ED  ³D
#  FGG
 16 × 16 Î¾   D
"C	Í¯uND
 7D
    Go
D





ÊÎ ¡ N  Go
¯ FG  Go
¯
"!uD
 ¾!¢#6  Ip M Ú
  N  Go
 B   !  






 W 6"  #6F!º ; #6F  
   
"!#
&  !3 FG  Go
  D
"ÁÎ ³!
É#6  ! Cp6u 
  ¡  B  CDF 
"6u
"#iD
 D  6"




    D
" B 
 6# D GF  C 
   «   C

ED  D
i3 FG  Go
Î)E^
   N
  F
"!¢#&F6CÉD
u  #6  ! Cp6u 
W!#  C  !¢#6F $;  
"#  ND 

"!×CD#6FGGF  !#³CD!  D
"CD
"!¢#6  F  C










    Go
 !m
ÇÍ  FG#
 ;  W 6"  #6F! #
"  
"G
u  !    C
"!  
 £NFD  B
   	 	  : 	          (    	 B         ÊÊÁ

³#  C	ÍWD
    
 6F!¯!
  
"CD# ;   #6#
"FG!	
ªD
 l£  
"CDY#6¬ Y"
"£o 
 ÕÎ ¡ 
  
"!  !# B





  N  Go

 6#Y CD!
 ; 6#Y  C  FGED














,#6  !6LF6F!I ¡ «   C
³FG  Go





   CD#6
 7FG  Go
 ³D
ª    C
"!  
ª£FD  MÇÎ
Ë	Î ¡ N  Go




" C   	F  #6FG£o
+IpÖ8M &3 FG!¢£o
" 




¾!¢#6  B  º  	F  #6F!©
ÇÍ  FG#
S












ÇÍ  FG#  #6F!D




 #ª  GF 
 £o
  3  "  #6F! 





"# B  CD  «   C
×ED  bi D
3 FG  Go










  #6C 


























"CD  C  	  #6F  C
 bi Î ¡ 
  GC    «
YED  
 6#CD#6FGGF   CD   	FG
ª









I  CD  !#
"#ª













"!#6  F  C
ÎFEm
   D!D! 
 &	CwED  
  GC   «
,  !\3 FG  Go
     D
"!#







"!# B  !¢#\#6  !6LF 
  C~D  D
"CDÁÎ(³C¼D  N  Go
 B CD!
 CF  
  !6#66C  #6F!¸D
 3 FG  Go








3 FG  Go
























 U#  C	Í
D
    
  6F!"
"£o ÁÎ;Ö    !¢#6
 B FG   
"!¢#
ÉD
"C	Í FG!  !£o"!DF
"!¢#   6
"CDÁÎ  CD!
; 6# B      
ÇÍ	FG#  CDFY
 6#É	C
  6FG!  F ; 
"u
"!¢# ¯3








 6#G  !D
 B 
"#A  CD#6















    
 6C,D
ª
  !6#66C  #6F!D
 7FG  Go





    Go
É FG  Go
É





 ³FG  Go








 FG  Go




E    C
"!  
£NFD  
 # D  C   
É
"! GC  
   FG  Go
  D 
"  (@ Ö I  C  @ CYÖAF  
#6CD
 $MÇÎ ¡ «   C
 (@ Ö©
 6#    & FG  Go








7 CD! (@ Ö 
 #  ND 

"! uD
¾!¢#6   CD  
"6u
"#6#6
l3   ¬     #FG








  N  Go




   CD#6
 lFG  Go
 l	C  
"u
 (@ ÖUÎ
    ª$É) 7%4'ª5$&= $&59D-;8:5 
 É=9)7+&9©'75%$&% 8:%U-É8 ¸>  	
E\ D   «
   
"!¢# 
 ; \










  N  Go
, FG  Go
 *
"!uuD
³ !#6  IC  FGED
    
ÇÍ	FG#,D







l#6  !6LF6F! M  £o
  3
 Á FG#³D








 CD! (@ Öº
 6#  ND 
Y
"!LuND
l !#6  I    Go
    F  C
 MÇÎEm
   CD#6
 (FG  Go









    
  6C7




"73 FG!'Cp6  #6F!×D
EQ¯ 
  GF
  C D  N  Go
Î m




D  LD  D 
Î¡ 
  
"!  !¢# B 3 D   «
Ö\,6N CD#6FGGF 

  !  
  #7 FG!'Cp6  #6F!×D
EQ¯ CD!





   6F  #6F! D!D! 
  C  «  FG#6
 Ë	Î.E\ FG!D!Õ£  #6F!¯D
   GCD#6F!iÖ\,6N 
 6#
  £oFG  GC6F




C   !  C
LÉD
i ¯   Ç
	CD
D







  #6F!D!  CD7  
  !6#66C  #6F! D
3 FG  Go

ÊÊ"      








 G  






 D!  !  
    GF  C
IJ!# ¡  ¡ B C
"!  !:G  F ¡   GF  ,
























"CD Á !	F  #  CDª3 FG!'Cp6  #6F!~D
 EQ   
"!	
u
"!    #
  CDª 

  !6#66C  #6F!mÎ³FG!6F B 3 D   «
    
"!¢# 













"#CD  CD  u"GF
"7  
  !#66C  #6F!D
 FG  Go
   D 
 ÁÎ  C  G!³ED6F¬"£o
"u
"!#   
"!¢#














"!#*  ! Ö\ Ë B
Ö\    B Ö\³E  B ÖACD Ë ^
"# Ö\  Î
    	  ! 
0
¡ !6FD"!3    «DFG#
  #6CD
LD
  N  Go
&	C×	6#¬"u
&Ö\,6N FGGGC6#6 
 6CD³  $0GCD
L	ÎGÊÎ¡ «   C
ªFG  Go
D
    C
"!  
£NFD u




"ÁÎ0E  #  FGG
D
 
ED   
 # 8 × 8 C 16 × 16 Î:^£  !¢#D





 ª  "  #6F!ª
 =:
  #6C 
  ; 3
"!  ND
"CD(D







    6F $ Á #6F!L



















 Ô Y¥!L	ÎGÊ;3-(& B*




  !3"#  
iD
    6F $ Á #6F! B  «   C
uED  8 × 8 C 16 × 16 
 #    6F $;   !CD!
D
      
    D $!DF
 ÁÎ ¡ 
"#6#
    6F $ Á #6F!S
 #7  GF 

"!S   6"  #6F! IpD  
"!  !  

6#  #6F6#6F  C
 C©EDF
"! ED6CDFG# D
  6"  #6F! M¯
"!¢#6
  «   C
 ED   FG  Go
  CD  !#
 
"#¯! 6
   !  !¢# IJ 
"u
  6FG#6F! MY  !73 FG  Go
     D
"!¢#
Î;  ! Ö`  B   £  
"CD7D
³  £  
6F  !  
,	C ED6CDFG#*D





"CD  C  	  #6F  C
 
"!¢#6
  «   C
,ED 
 FG  Go
  CD  !#
i
"#!  6
   !  !#É  !ª3 FG  Go










"  N  Go
 
 6#    #  CD  «   C
&ED  D
É3 FG  Go
  CD  !¢#
¯ C  CD!    Go
,I    
  C  CD!    Go
 M B  N  Go
W CD  
i#6  	FG#6F!D!
"I     
iD




&¾!¢#6  M C  N  Go
 ; N!	u
9I     
LD




   	 	  : 	          (    	 B         ÊÊKL
,FG!F B 
 ED  ª FG  Go
     6F $; ª  ! W    
  C  CD!  N  Go






i!#É!DF  D É!DF`#6  !6LFÕÎ)Em
 ÉED      F $; É  !&      
iD




 !#6  I  6"  #6F!S#6¬  C  FGED
 MY!¢#,#6  	FG#6F!D!
"G
"u
"!¢#  D ÁÎDÖ    !#6
 B 
 ED     6F $; A  !(     
lD
  N  Go
 ; \ !	u
l!#  ND   £o




E  &6CD³  #
  «D!DF  C
L< ¡ ªQÎ ,!
  #6#
"!¢#6F! ; 6#6F  CDGF¬"
L
"  D!D! 
  C	Í     	CD
 

"!    Go
  D  N  Go
 D
  
 AED  ÕÎ.Em




    Go
  «F6F
   CD\
 AED  
 CD!
ªFG  Go
  CD  !#
!#  #6  !6LF 





Î.   2  )+%423




 "   %9F2  / 	
³!
É#6  ! Cp6u 
& ¡  
 # D GF  C 
  «   C
&ED  D
&3 FG  Go
  CD  !¢#
Î Em
   N
L F
"!¢#³D
ª  #6  ! C6u 
D
  «   C
ED  !# ;   6CDFG#
ª  6CD# ³










7 CD!LED   FG  Go





   N
  F
"!¢# D
   #6  ! C6u 
 
   
"!¢#  ;  D
C  FGED
 (Cp  C
"!  
 ÕÎ ¡ 
"#6#




 ; L3 D   «
SÖ`,6N¼Î(èA!r
 =
"# B  CDL
  ED      F $; L  !L    
 D
    Go
 ; ªN!	u
 B   GCD#6F! Ö\³<N B  Lu
 3 FG!	F  C
&  $0GCD
L	Î Ë B 
"!	 D
















 CJ  C
"!  
l!¢#  ND      6F  C
"u
"!# I  
 6#< 1 	FG




"!¢#6  F  C
 MÇÎ   F  C
"u














    Go
W
"!¢#6  F  C
 £  CD#6FGGF
"  
"CD
 EDFG#  CD 
    
 
"ÁÎ:Ö    !#6
 B 



















#  C	ÍEDFG!  FG

  CDF  CD 







 6##6  !LF  C D  ND
"CD  Lu
  !76 ¡ :MÇÎ
Les coefficients à basse 
fréquence de DCT sont codés 
avec un codeur Wyner−ZIV
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Domaine Transformé, Foreman QCIF @ 15 Hz, Y, GOP=2
 
 
CVD−2: TCQ & QU
CVD−1: QU
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Domaine Transformé, Foreman QCIF @ 15 Hz, Y, GOP=4
 
 
CVD−2: TCQ & QU
CVD−1: QU
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Domaine Transformé, Foreman QCIF @ 15 Hz, Y, GOP=8
 
 
CVD−2: TCQ & QU
CVD−1: QU
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Y V: [ T ZY ( UqV (Q0( Y VT [ n (RQ Y (Q0@K*&( V = $87 / f $ /8/ ^



























 Ôhc^ , o8 @'+ / 2 
 '$<  F3!3
! 
 # )' !+3$0 2!    4  +! GOP = 2 
 +   #
<









/ [ ?: Ye[ :&VTCA (+*&(Q0( ADA ( : (RQ A&T @ ? j V&? (  @ T;:aULV ( Ye[H = @ Z4["Z T Y TCA .*1>J( =D= ( V = Z TC? [ T = ( [MH =  0: Y (
*RQ0@I*&( V = A&V = Z @.( :DA6:&V H  = T ( V = ( d 10−3 j V&? (R*&(` [ ? *&(5*&(2*&( Vcb Z TCAB: *&( H4[ = TCA  H4[ = H  = T @I*&(*&( H @ TC?!0 @ ?&? ["g ( ( :BA (651(RQ A&V 0( ^ ) ? * :&T g ? ( H4[ = $87 / f7i ( A $87 / f7 / j Y ( :+: 3 :DA  `)( : *&(
Q0@I* ["g ( nqT *0@ * T;:DA = T Z V  V&A&T Y T;: [ ?KA Y (sQ0@ ?FA = E+Y ( *&(* Z TCA [ V Q0@I* ["g (4*&@ ?FA Y ( :@n [ = T [ ? Q0( : σ2i
   
		      	
		  	  oml





























 ÔMhc^ , h -@'+ / 2%
'$<+# F#!./
 
# '"!+0	  5*1,+ 2/
2$3     4 !
GOP = 2  +   #
 





 1    

+ 136































 # %' !+"  $     4  +! GOP = 2 
 +  
8







































 ÔShc^ ,  -@'+ / 2%
'$<+# F#!.
! 
# H'"+!   2 # !+ /$3    F43+!
GOP = 2  %+   #
<
3!3!+!+ 18<+  
<






  Shc^ N  
	+	 &",.-8 *+#9	H AE "#%	A34%     ,5    
/ 9#51 8!* 	3?$#% 	+BNO
PSNR td
( ? ` TC?
( ? * A $87 / f $ / / $87 / f $ / i
Z TCA P H  = T @I*&( , Z TCAB: P H  = T @I*&( Z TCA P H  = T @I*&( , Z TCAB: P H  = T @I*&(
 >^  h ,  mh EN      hmh
  c^o  ,  N        hmo
   
		      	
		  	  h>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* T :rQ T Y ( dY >J( :DA&T `)( = ^Me  [ ? `)@ TC?: j Q0(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  *&( Ye[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σ2
i
estimée en ligne au décodeur :
σ2
i
estimée à l’encodeur :
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Domaine Transformé, 101 images de Foreman QCIF @ 15 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 en mode Intra






















Domaine Transformé, 101 images de Foreman QCIF @ 30 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 en mode Intra























Domaine Transformé, 101 images de Hall Monitor QCIF @ 15 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 en mode Intra























Domaine Transformé, 101 images de Hall Monitor QCIF @ 30 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 en mode Intra
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Domaine Transformé, 101 images de Salesman QCIF @ 30 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 en mode Intra





















Domaine Transformé, 101 images de Mother and Daughter QCIF @ 30 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 en mode Intra



















Domaine Transformé, 101 images de Akiyo QCIF @ 30 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 en mode Intra
















Domaine Transformé, 101 images de Carphone QCIF @ 30 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 Intra
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Domaine Transformé, 15 images de Hall Monitor CIF @ 30 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 en mode Intra




















Domaine Transformé, 101 images de Flower CIF @ 30 Hz, Y
 
 
H264 en mode Inter IPB GOP=16
CVD
H264 en mode Intra
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